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EXECUTIVE  SUMMARY 


The  Ports  and  Waterways  Safety  Act  of  1972,  was  enacted  on  10  July 
1972.  The  purpose  of  the  Act  is  to  promote  the  safety  of  ports,  harbors, 
waterfront  areas  and  navigable  waters  of  the  United  States. 

Section  203  of  the  Act  requires  that  the  Secretary,  for  a period  of 
ten  years  following  the  enactment  of  Title  II,  make  a report  to  the  Con- 
gress at  the  beginning  of  each  regular  session,  regarding  his  activities 
under  the  Title  and  sets  forth  in  seme  detail  the  matters  to  be  covered . 

The  report  begins  with  a general  description  of  the  approach  to  the 
development  of  standards  and  continues  with  progress  that  has  been 
accomplished  in  those  areas  indicated  in  Section  203.  The  specific  topics 
discussed  under  these  areas  are  as  follows: 

Safety  of  Navigation 

(a)  Describes  IMCO  amenOnents  to  SOLAS  ’60  which  will  require  navi- 
gational equipment  such  as  radar,  echo  sounders  and  gyro-ccmpass  to  be 
made  mandatory  for  ships  on  international  voyages. 

(b)  Describes  purpose  of  traffic  separation  schmnes  that  have  been 
adopted  by  IMCO. 

(c)  States  that  IORAN-C  could  provide  sufficient  accuracy  for 
vessels  to  maintain  their  positions  within  traffic  separation  schmnes. 

International  Regulations  for  Collision  Avoidance 

IMCO  produced  the  Convention  on  the  International  Regulations  for 
Preventing  Collisions  at  Sea,  1972,  which  revises  and  brings  up  to  date 
the  existing  Convention. 

Domestic  Vessel  Traffic  Systmn 

Describes  the  authority  and  establishment  of  Coast  Guard  vessel 
traffic  systesis  in  San  Francisco  Bay  and  Puget  Sound. 

Vessel  Bridge- to- Bridge  Radiotelephone  Communications 

Regulations  l»pl«enting  the  Vessel  Bridge- to-Bridge  Radiotelephone 
Act  became  effective  January  1,  1973. 

Maneuvering 


Data  is  being  acquired  for  an  in-depth  analysis.  The  Coast  Guard  has 


published  a Notice  of  Proposed  Rule  Making  which  would  require  certain 
vessels  to  have  the  maneuvering  characteristics  data  of  the  ship  in 
its  pilot-house. 

Segregated  Ballast  Tankers 

This  study  has  been  completed  and  presented  to  IMCO.  It  is  attached 
as  Annex  II . 

Pollution  Prevention  Regulations 

The  Coast  Guard  has  issued  regulations  governing  the  design,  con- 
struction, and  operation  of  vessels  operating  in  the  navigable  waters 
and  on  onshore  and  offshore  facilities  engaged  in  the  transfer  of  oil 
in  bulk  to  and  from  vessels.  The  purpose  of  these  regulations  is  to  re- 
duce the  possibility  of  an  accidental  discharge  of  oil  or  oily  waste  dur- 
ing the  normal  operations. 

IMCO  Marine  Pollution  Conference 

IMCO  has  decided  to  convene,  in  1973,  an  international  conference 
on  marine  pollution  for  purpose  of  preparing  a suitable  international 
agreement  to  place  restraints  on  the  contamination  of  the  sea  by  ships, 
vessels  or  other  equipment  operating  in  the  marine  environment. 

Tanker  Outflow 

The  IMCO  Assembly  in  1971  adopted  new  vessel  construction  standards 
aimed  at  limiting  the  possible  sise  of  oil  spills  resulting  from  a tanker 
collision  or  grounding. 

Spill-Risk  Analysis 

The  Coast  Guard  contracted  the  Operations  Research,  Inc.  to  under- 
take a study  for  the  development  of  spill-risk  analysis.  The  objective 
of  the  study  is  to  determine  a method  of  selecting  cost-effective  combi- 
nations of  protective  equipment  or  regulations  which  will  decrease  the 
probability  of  spill-causing  accidents. 

CONCLUSIONS 

Conclusions  are  set  forth  on  page  20  of  the  Report. 

ANNEXES 

Annex  I of  the  report  presents  a systems  approach  to  the  improve- 
ment of  standards  under  the  Ports  and  Waterways  Safety  Act  of  1972. 
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Annex  II  is  the  Report  on  Segregated  Ballast  Tankers  that  the  Coast 
Guard  submitted  to  the  IMCO  Subcommittee  on  Ship  Design  and  Equipment 
and  the  IMCO  Subcommittee  on  Marine  Pollution  in  June  1972. 

Annex  III  is  an  Analysis  of  Oil  Outflow  Due  to  Tanker  Accidents 
that  the  Coast  Guard  subnitted  to  the  IMCO  Subcommittee  on  Ship  Design 
and  Equipment  and  the  IMCO  Subcommittee  on  Marine  Pollution  in  November 
1972. 
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REPORT  TO  CONGRESS 
INTRODUCTION 

The  Ports  and  Waterways  Safety  Act  of  1972,  was  enacted  on  10 
July  1972.  The  purpose  of  the  Act  is  to  promote  the  safety  of  ports, 
harbors,  waterfront  areas  and  navigable  waters  of  the  United  States. 

The  Act  is  divided  into  two  parts,  namely: 

TITLE  I - Ports  and  Waterways  Safety  and  Environ- 
mental Quality 

TITLE  II  - Vessels  Carrying  Certain  Cargoes  in  Bulk 

Title  II  amends  Section  4417a  of  the  Revised  Statutes  (46  USC  391a) . 

This  Section  is  commonly  called  the  Tank  Vessel  Act.  The  statement  of 

policy  for  Title  II  declares,  inter  alia, 

"That  existing  standards. . .of  such  vessels  must  be  im- 
proved for  the  adequate  protection  of  the  marine  en- 
vironment." and 

"That  it  is  necessary  that  there  be  es tabli shed. . .com- 
prehensive minimum  standards  of  design,  construction, 
alteration,  repair,  maintenance  and  operation  to  pre- 
vent or  mitigate  the  hazards  of  life,  property,  and 
the  marine  environment." 

The  Tank  Vessel  Act  gave  the  U.S.  Coast  Guard  authority  to  develop 
and  enforce  standards  for  the  safety  of  such  vessels.  The  statement  of 
policy  in  Title  II  now  adds  another  facet  to  this  authority  in  that  it 
addresses  a requirement  for  vessel  standards  for  the  purposes  of  pro- 
tecting the  marine  environment. 


M. 


Section  203  of  the  Act  states: 


"Sec.  203.  The  Secretary  of  the  Department  in 
which  the  Coast  Guard  is  operating  shall,  for  a period 
of  ten  years  following  the  enactment  of  this  title,  make 
a report  to  the  Congress  at  the  beginning  of  each  regular 
session,  regarding  his  activities  under  this  title.  Such 
report  shall  include  but  not  be  limited  to  (A)  a descrip- 
tion of  the  rules  and  regulations  prescribed  by  the 
Secretary  (i)  to  improve  vessel  maneuvering  and  stopping 
ability  and  otherwise  reduce  the  risks  of  collisions, 
groundings,  and  other  accidents,  (ii)  to  reduce  cargo  loss 
in  the  event  of  collision,  groundings,  and  other  accidents, 
and  (iii)  to  reduce  damage  to  the  marine  environment  from 
the  normal  operation  of  the  vessels  to  which  this  title 
applies,  (B)  the  progress  made  with  respect  to  the  adop- 
tion of  international  standards  for  the  design,  construc- 
tion, alteration,  and  repair  of  vessels  to  which  this 
title  applies  for  protection  of  the  marine  environment, 
and  (C)  to  the  extent  that  the  Secretary  finds  standards 
with  respect  to  the  design,  construction,  alteration,  and 
repair  of  vessels  for  the  purposes  set  forth  in  (A)  (i)  , 

(ii) , or  (iii)  above  not  possible,  an  explanation  of  the 
reasons  therefor." 

This  initial  report  is  therefore  being  submitted  as  required  by 
Section  203,  Title  II,  of  the  Ports  and  Waterways  Safety  Act  of  1972. 

The  report  which  follows  begins  with  a general  description  of  the 
approach  to  the  development  of  standards  for  the  protection  of  the 
marine  environment  and  a word  about  resources.  The  report  will  then 
continue  with  progress  that  has  been  accomplished  in  those  areas  indi- 
cated in  parts  A,  B and  C of  Section  203. 
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APPROACH 


When  the  U.S.  Coast  Guard  was  transferred  to  the  Department  of 
Transportation  in  1967,  it  was  recognized  that  the  traditional  emphasis 
on  safety  alone  would  not  be  consistent  with  the  needs  of  the  Depart- 
ment or  the  times.  Other  factors  found  to  be  of  major  concern  in  the 
regulation  of  the  marine  industry  were  environmental  protection,  facili- 
tation and  efficiency.  Therefore,  Title  II  of  the  Ports  and  Waterways 
Safety  Act  requires  little,  if  any,  change  in  what  the  Coast  Guard  is 
doing.  It  does,  however,  require  a change  in  how  the  Coast  Guard  is 
doing  it. 

To  meet  this  change  required  by  Title  II  of  the  Act,  a project 
was  established  to  provide  a systems  approach  to  develop  improved 
vessel  standards  for  the  purposes  of  protection  of  the  marine  environ- 
ment. This  project  is  outlined  in  Annex  I and  comprises  three  phases 
as  follows: 

• Phase  I - Data  Acquisition  and  Improvement 

• Phase  II  - Problem  Analysis  and  Selection  of  Alter- 

natives 

• Phase  III  - Regulation  Development  and  Promulgation 
Augmentation  of  existing  personnel  may  be  necessary  in  order  to 

accomplish  this  project.  Resources  may  be  obtained  as  a result  of 
reassignments  from  a workload  analysis  and  the  elimination  of  some  of 
the  workload  presently  being  performed  by  program  personnel. 
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PROGRESS 


General 

The  U.S.  Coast  Guard  has  not  been  unaware  of  the  problems  atten- 
dant upon  the  protection  of  the  marine  environment.  In  point  of  fact, 
many  of  the  regulations  promulgated  under  Section  4417a  of  the  Revised 
Statutes,  prior  to  the  present  amendment,  can  be  and  are  considered  as 
regulations  to  maintain  the  integrity  of  the  containment  of  bulk  car- 
goes hazardous  "to  life,  property,  the  navigable  waters  of  the  United 
States  and  the  resources  contained  therein"  and  therefore  responsive 
to  the  mandate  of  Title  II.  In  the  aftermath  of  the  TORREY  CANYON 
disaster  in  1967,  interest  in  the  United  States  was  high  for  the  imple 
mentation  of  corrective  measures  at  a national  level  and  in  inter- 
national cooperation  toward  this  goal.  It  is  generally  recognized 
that  actions  to  be  taken  in  both  areas  should  be  interdependent  and 
compatible.  To  this  end,  the  Coast  Guard  has  been  heavily  involved  in 
the  deliberations  of  the  Intergovernmental  Maritime  Consultative  Organ 
zation  (IMCO)  directed  toward  the  prevention  and  elimination  of  the 
pollution  of  the  seas. 

Much  effort  has  been  undertaken  toward  the  protection  of  the 
marine  environment.  The  following  sections  provide  information  on 
actions  taken  or  being  taken  that  relate  to  objectives  stated  in 
Section  203  of  the  Act. 
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u Reduce  HUk  ofi  Cottu-iom,  Grounding i>  and  Oth eA  Accidenti 


Safety  of  Navigation 

Considerable  effort  has  been  undertaken  by  IMCO  to  introduce  mea- 
sures and  policies  designed  to  incrase  the  safety  of  navigation. 

Among  the  most  important  are  those  requiring  the  compulsory  carriage 
of  navigational  equipment  and  the  application  on  a voluntary  basis  of 
the  principle  of  ships  routing  and  separation  of  traffic. 

Navigational  equipment  such  as  radar,  echo  sounders  and  gyro- 
compass which  have  so  far  been  carried  at  the  discretion  of  the  owner 
or  master  will  be  made  mandatory  for  ships  above  a certain  size.  This 
is  in  addition  to  the  presently  required  direction  finder.  These  re- 
quirements take  the  form  of  amendments  to  the  International  Convention 
for  the  Safety  of  Life  at  Sea,  1960  (SOLAS  60)  as  approved  by  the 
Assembly  of  IMCO.  In  addition  to  the  above,  further  amendments  to  SOLAS 
were  approved  by  the  Assembly  requiring  possession  on  board  of  adequate 
charts  and  nautical  publications  and  by  regulating  the  use  of  auto- 
matic pilots. 

These  amendments  designed  to  reduce  the  incidence  of  collisions  or 
groundings  were  ratified  by  the  United  States  subsequent  to  the  advice 
and  consent  of  the  Senate.  They  will  come  into  effect,  internationally, 
one  year  after  ratification  by  two- thirds  of  the  signatory  nations  to 
SOLAS  60. 
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Traffic  separation  schemes  have  been  adopted  by  IMCO  in  50  areas 
where  there  is  dense  or  converging  traffic,  with  the  object  of  re- 
ducing the  number  of  ships  meeting  on  opposite  or  nearly  opposite 
courses  thus,  lessening  the  risk  of  collision.  Detailed  descriptions 
are  included  in  national  maritime  publications  and  charts  and  in  a 
comprehensive  publication  which  has  been  issued  by  IMCO.  Since  the 
subject  is  continuously  under  review,  existing  schemes  are  updated  or 
new  ones  introduced  as  necessary. 

Two  major  traffic  separation  techniques  are  used  in  the  coastal 
confluence  region;  they  are  the  harbor  approach  lanes,  and  coastal 
traffic  lanes.  In  most  cases,  opposing  one  way  traffic  lanes  are 
separated  by  a buffer  zone.  For  the  harbor  approaches  that  extend 
more  than  fifty  miles  (approximately)  out  to  sea,  such  as  New  York, 
the  lane  width  is  five  nautical  miles,  and  it  narrows  to  one  nautical 
mile  at  the  harbor  entrance.  For  the  coast-wise  traffic  lane,  as 
exemplified  by  the  Santa  Barbara-San  Pedro  lanes,  the  lane  widths  are 
one  nautical  mile  each,  separated  by  a two  nautical  mile  buffer  zone. 

Loran-C  holds  promise  as  a navigational  system  that  will  provide 
sufficient  accuracy  by  which  vessels  could  maintain  their  positions 
within  these  traffic  separation  schemes.  Loran-C  may  be  used  to  assure 
that  a ship  can  stay  within  the  bounds  of  its  shipping  lane  a very  high 
percent  of  the  time.  If  the  accuracy  of  the  "aid"  is  at  least  ± 0.25 
nautical  mile,  95  percent  of  the  time  for  a one  nautical  mile  lane 
width,  and  at  least  ±1.0  nautical  mile  for  a five  nautical  mile  lane 
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width,  a ship  can  remain  within  the  bounds  of  its  traffic  lane. 

Loran-C  has  this  accuracy  capability. 

International  Regulations  for  Collision  Avoidance 

An  IMCO  sponsored  international  conference  held  in  October  1972 
produced  the  Convention  on  the  International  Regulations  for  Pre- 
venting Collisions  at  Sea.  This  Convention  revises  and  brings  up  to 
date  the  International  Regulations  for  Preventing  Collisions  at  Sea 
which  are  annexed  to  the  Final  Act  of  the  International  Conference  on 
Safety  of  Life  at  Sea,  1960.  The  new  Convention  will  come  into  force 
twelve  months  after  the  date  on  which  at  least  15  countries,  the  ag- 
gregate of  whose  merchant  fleets  constitutes  not  less  than  65%  by 
number  of  by  tonnage  of  the  world  fleet  of  vessels  of  100  gross  tons 
and  over  have  become  parties  to  it,  whichever  is  achieved  first  but 
not  before  January  1,  1976.  The  Convention  will  be  submitted  to  the 
Senate  for  its  advice  and  consent. 

In  the  past  these  international  regulations  were  not  in  conven- 
tion form  and  could  not  be  amended.  The  new  Convention  will  permit 
changes  through  the  IMCO  procedures.  In  addition  to  updating  the 
regulations  and  stating  them  in  more  understandable  language,  the  new 
Convention  increases  the  visibility  ranges  for  navigation  lights  and 
requires  more  efficient  sound  signalling  apparatus.  It  includes  rules 
which  induce  mariners  to  take  action  to  avoid  collisions  at  an  early 
time  and  rules  applying  to  vessels  navigating  in  or  near  traffic 
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separation  schemes  adopted  by  IMCO.  These  changes,  when  in  effect. 


should  help  avoid  collisions  and  groundings. 


Domestic  Vessel  Traffic  System 

While  the  authority  for  establishment  of  vessel  traffic  systems 
is  provided  in  Title  I of  the  Act,  it  is  felt  these  systems  will  be 
effective  in  the  reduction  of  collisions  and  groundings.  The  Coast 
Guard  has  been  developing  methods  for  analyzing  the  need  for  such 
systems  in  specific  ports  and  waterways.  Seme  broad  objectives  are: 

• Reduce  the  probability  of  ship  collisions  or 
groundings  in  ports  and  waterways  and  thereby 
reduce  shipboard  injuries  and  deaths  and  loss 
or  damage  to  vessels  and  cargo. 

• Protect  ports  and  waterways  from  pollution  caused 
by  spills  of  petroleum  products  and  other  haz- 
ardous substances  resulting  from  ship  collisions 
or  groundings. 

• Facilitate  waterborne  commerce  in  ports  and  water- 
ways by  providing  greatly  improved  all  weather 
navigational  aids. 

• Protect  shoreside  facilities  by  reducing  the 
number  of  collisions  or  groundings  in  adjacent 
waters. 

In  January  1970,  an  experimental  Harbor  Advisory  Radar  (HAR)  was 
placed  in  service  in  San  Francisco  Harbor.  It  became  operational  in 
July  1972,  with  an  improved  communications  network.  By  early  1973, 
there  will  be  a new  control  center  on  Yerba  Buena  Island  with  improved 
radar  surveillance  and  communications  equipment.  This  Vessel  Traffic 
Control  Center  will  be  a functionally  reliable  system  capable  of  pro- 
viding full  time  service. 
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The  waters  of  Puget  Sound  were  selected  as  the  second  major  test 
site  for  Vessel  Traffic  Systems  (VTS) . The  geographical  configuration 
of  Puget  Sound  is  quite  different  from  San  Francisco  Bay  thus  provid- 
ing the  opportunity  to  develop  concepts  generally  applicable  to  long, 
relatively  narrow  channels  as  opposed  to  the  concepts  developed  for 
congested  harbors.  Puget  Sound  has  a great  variety  of  marine  traffic 
and  is  one  of  the  world's  great  marine  recreation  areas.  Small  rec- 
reational boats  abound,  as  do  small  commercial  fishing  vessels.  Other 
marine  traffic  ranges  from  tugs  and  barges  to  deep-draft,  ocean-going 
naval  and  merchant  vessels.  If  the  Trans-Alaska  Pipeline  becomes  a 
reality  it  will  also  see  an  increase  in  tank-ship  activity  as  one 
delivery  point  of  oil  from  Valdez,  Alaska. 

The  Puget  Sound  VTS  became  operational  in  September  1972.  The 
initial  system  has  two  primary  features:  a VHF  communications  net- 

work, and  a traffic  separation  scheme  or  traffic  lanes.  This  system 
provides  participating  vessels  with  information  as  to  the  location  and 
movement  of  other  vessels,  hazards  to  navigation,  and  unusual  weather 
and  sea  conditions.  In  addition,  we  will  be  making  general  broadcasts 
to  non-participating  vessels;  i.e.,  vessels  that  are  not  equipped  with 
the  radio  equipment  required  for  full  participation. 

Vessel  Bridge- to- Bridge  Radiotelephone  Communications 

Regulations  implementing  the  Vessel  Bridge- to- Bridge  Radiotelephone 
Act,  P.L.  92-63,  which  was  signed  by  President  Nixon  on  August  4,  1971, 
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became  effective  January  1,  19?3.  The  basic  intent  of  the  Act  is  to 
provide  a positive  meanB  whereby  the  operators  of  vessels  can  instantly 
communicate  with  each  other  by  VHF  radio-telephone  in  order  to  exchange 
information  necessary  for  the  safe  navigation  of  their  vessels.  The 
Domestic  Vessel  Traffic  Systems  established  by  the  Coast  Guard  incor- 
porates the  use  of  VHF  radio- telephone  conununi cations  and  will  utilize 
the  bridge- to- bridge  radiotelephone  frequency  as  the  primary  circuit 
for  conducting  its  operations.  This  legislation  will  not  only  contri- 
bute to  the  safety  of  life  and  property  but  should  be  a significant 
factor  in  the  avoidance  of  collisions  and  thereby  in  the  prevention  of 
pollution  of  the  environment. 

Maneuvering 

The  limited  historical  data  on  the  very  large  crude  carriers 
(VLCC)  do  not  establish  that  their  accident  record  involving  the 
manevuering  element  is  any  worse  than  that  for  smaller  tankers;  i.e., 
collisions,  groundings  and  rammings.  Based  on  a preliminary  analysis 
of  tanker  casualties,  there  appears  to  be  no  correlation  between 
tanker  size  and  type  or  frequency  of  accident.  Data  is  being  acquired 
for  an  in-depth  analysis. 

Another  aspect  of  the  maneuvering  problem  is  the  qualification 
of  the  pilots  handling  the  VLCC's.  Where  do  they  get  experience  in 
handling  a VLCC?  The  problem  is  not  that  the  large  tankers  cannot 
maneuver  but  that  they  maneuver  in  a less  responsive  manner,  and 
hence,  there  is  a human  factor  problem  which  requires  training  and 


experience  to  overcome.  The  resolution  of  this  problem  is  yet  to  bo 
developed. 

The  Coast  Guard  has  published  a Notice  of  Proposed  Rule  Making 
which  would  require  certain  vessels  of  1600  gross  tons  and  over  to 
have  the  maneuvering  characteristics  data  of  the  ship  in  its  pilot- 
house. These  data  would  includes 
Speed  versus  RPM  tables 
Minimum  steerageway  speed 
Turning  circle  diagrams 
Stopping  time  and  distances 

The  replies  to  this  proposal  are  presently  being  evaluated. 
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To  Reduce  Congo  Loaa  F /tow 
Cottuions,  GKoundinQi  And.  OtheA  Accidents 


Segregated  Ballast  Tankers 

IMCO  undertook  nine  areas  of  study  in  preparation  for  an  inter- 
national conference  on  marine  pollution.  The  United  States  was  the 
lead  country  for  the  study  of  segregated  ballast  tankers.  The  primary 
objectives  of  the  study  were: 

• To  evaluate  the  effect  of  design  modifications  on 
oil  pollution  abatement  for  a range  of  very  luge 
crude  carriers;  and 

• To  determine  practical  arrangements  (designs)  for 

a family  of  tankers  with  various  segregated  ballast 
capabilities. 

The  study  has  been  completed  and  presented  to  IMCO.  It  is  attached 
as  Annex  II.  Segregated  ballast  tankers  appear  to  be  the  most  viable 
solution  to  the  pollution  problem  created  by  the  ballasting  of  the 
larger  tankships.  It  also  appears  that  this  solution  will  remain  a 
valid  one  in  the  foreseeable  future.  It  would  be  presumptuous  to  state 
that  the  obstacles  cited  in  the  report  with  respect  to  the  development 
of  flexible  barriers  and  separators  or  to  the  acceptance  of  shoreside 
facilities  will  be  overcame. 

In  terms  of  the  segregated  ballast  designs  studied  for  the  very 
large  crude  carriers,  the  double  bottom  design  is  clearly  the  most 
cost  effective  when  both  operational  and  accidental  pollution  are  con- 
sidered. The  degree  to  which  any  version  of  segregated  ballast  is 
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cost  effective  is  dependent  upon  the  complexity  of  the  design  (which 
is  directly  proportional  to  the  increase  in  capital  investment) , the 
amount  of  segregated  ballast  capacity  afforded  and  the  ability  of  a 
given  design  to  mitigate  both  operational  and  accidental  discharges. 

At  the  present  time,  the  Coast  Guard  believes  that  the  national 
commitment  to  eliminate  intentional  discharge  can  best  be  met  by 
adoption  of  the  segregated  ballast  concept  coupled  with  double  bottoms 
to  reduce  accidental  pollution. 

To  Reduce  Vamage.  to  Env-Oiomint  (sum  Normal  Ope/uUiom 

Pollution  Prevention  Regulations 

The  United  States  Coast  Guard,  acting  under  the  authority  of 
Section  11  (j)  (now  Section  311(j))  of  the  Federal  Water  Pollution  Con- 
trol Act,  as  amended  (FWPCA) , has  issued  regulations  governing  the 
design,  construction,  and  operation  of  vessels  operating  in  the  navi- 
gable waters  and  contiguous  zones  of  the  United  States,  and  governing 
the  design,  construction,  and  operation  of  onshore  and  offshore  facili- 
ties engaged  in  the  transfer  of  oil  in  bulk  to  and  from  vessels  having 
a capacity  of  more  than  250  barrels. 

The  purpose  of  these  regulations  is  to  reduce  the  possibility  of 
an  accidental  discharge  of  oil  or  oily  waste  during  normal  vessel 
operations,  during  the  bulk  transfer  of  oil  or  oily  wastes  to  or  from 
vessels,  or  as  a result  of  certain  vessel  accidents  of  limited  energy. 
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Although  the  high  energy  collision  or  grounding  is  spectacular  and 
may  create  locally  severe  environmental  degradation,  a significant 
and  continuous  degradation  generally  results  from  the  frequent  and 
less  spectacular  discharges  of  oil  into  the  waters  of  the  United 
States.  Although  not  promulgated  under  the  authority  of  the  Ports 
and  Waterways  Safety  Act  of  1972,  these  regulations  are  expected  to 
reduce  the  amount  of  oil  discharged  into  the  navigable  waters  of  the 
United  States.  The  regulations  have  been  promulgated  and  are  published 
in  Part  II,  Voltme  37,  Number  246  of  the  Federal  Register  dated 
December  21,  1972. 

Adoption  o/j  International  Standard!,  to  Protect  the  Envin.ome.nt 

IMCO  Marine  Pollution  Conference 

In  1967,  IMCO  launched  an  18  point  program  covering  both  techni- 
cal and  legal  aspects  of  problems  arising  from  the  TORREY  CANYON  disaster. 
The  IMCO  Assembly  at  its  session  in  November  1968,  which  was  espe- 
cially convened  to  consider  this  program,  approved  measures  designed 
to  prevent  the  occurrence  of  similar  incidents  and  to  promote  rapid 
and  efficient  action  in  dealing  with  them  should  they  occur.  The  pro- 
gram included  reconmendations  to  improve  pollution  abatement  action 
at  international  and  national  levels  and  to  reinforce  the  application 
of  clauses  of  the  International  Convention  for  the  Prevention  of  Pollu- 
tion of  the  Seas  by  Oil,  1954,  as  amended.  IMCO  has  also  decided 
to  convene,  in  1973,  an  international  conference  on  marine 
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pollution  for  the  purpose  of  preparing  a suitable  international 


aqreemont  to  place  restraints  on  the  contamination  of  the  sea  by 
ships,  vessels  or  other  equipment  operating  in  the  marine  environ- 
ment. s 

A major  objective  to  be  achieved  by  1975  if  possible  but  cer- 
tainly within  this  decade  is  the  complete  elimination  of  international 
pollution  of  the  seas  by  oil  as  well  as  by  other  noxious  substances. 
The  United  States  has  pushed  this  objective  internationally  under  the 
aegis  of  IMCO.  As  a result  of  its  efforts  and  those  of  other  major 
maritime  nations,  IMCO  now  has  this  objective  as  its  principal  goal 
for  the  1973  Conference. 

In  preparation  for  this  Conference,  agreement  was  reached  to 
have  nine  studies  under  way  simultaneously.  In  each  case  the  study  is 
being  led  by  an  individual  country  with  other  countries  furnishing 
information  as  they  are  able.  IMCO  now  is  moving  forward  on  a nine 
front  basis  rather  than  on  the  single  front  basis  as  in  the  past  to 
produce  a meaningful  convention  on  marine  pollution  in  1973.  The 
areas  of  study  are  as  follows: 

• Segregated  ballast  tankers. 

• Dual  purpose  tanks  with  means  to  isolate  oil  or 
noxious  materials  from  water. 

• The  retention  of  oil  on  board. 

• Cleaning  tanks  for  ballast  prior  to  vessel  sailing. 
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• Retention  of  dirty  ballast  on  board  for  in  port 
disposal . 

• Environmental  and  financial  consequences  of  pollu- 
tion from  ships. 

• Collection  and  disposal  of  ship  generated  dry  gar- 
bage. 

• Ship  generated  sewage  treatment  and  holding  systems. 

• Pollution  caused  by  the  discharge  of  noxious  sub- 
stances other  than  oil  through  normal  operational 
procedures  of  ships  engaged  in  bulk  transport. 

As  background  material  for  the  first  five  studies  listed  above, 
the  Coast  Guard  made  an  analysis  of  oil  outflow  from  tanker  accidents 
and  presented  it  to  IMCO.  This  analysis  is  attached  as  Annex  III. 

The  draft  convention  being  developed  by  various  technical  bodies 
of  IMCO  will  include  the  following  subjects: 

• Prevention  of  pollution  of  the  seas  by  oil  dis- 
charged from  ships. 

• Prevention  of  pollution  of  the  sea  by  bulk  liquid 
or  dry  noxious  substances  other  than  oil  dis- 
charged from  ships  (excluding  the  disposal  of 
shore-generated  wastes  into  the  sea) . 

• Prevention  of  pollution  of  the  environment  re- 
sulting from  inadequate  design,  construction  and 
equipment  of  ships  carrying  oil . 

• Prevention  of  pollution  of  the  environment  result- 
ing from  inadequate  design,  construction  and  equip- 
ment of  ships  carrying  noxious  substances  in  bulk . 

• Prevention  of  pollution  of  the  sea  by  noxious 
substances  carried  in  packages  or  containers. 

• Prevention  of  pollution  of  the  sea  by  ship- 
generated sewage. 
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Prevention  of  pollution  of  the  sea  by  ship- 
generated garbage. 

Tanker  Outflow 

At  Its  October  meeting  in  1971,  the  IM CO  Assembly  adopted  new 
vessel  construction  standards  aimed  at  limiting  the  possible  size  of 
oil  spills  resulting  from  a tanker  collision  or  grounding.  Future 
tankers,  built  in  accordance  with  new  standards,  will  have  a limit  on 
the  hypothetical  maximum  oil  outflow  from  a single  incident  involving 
grounding  or  collision  of  30,000  cubic  meters.  This  applies  to  tankers 
up  to  about  420,000  deadweight  tons.  The  maximum  permissible  oil  out- 
flow then  gradually  increases  to  40,000  cubic  meters  at  one  million 
deadweight  tons  and  levels  off  there.  In  addition,  the  proposed 
amendments  limits  the  volume  of  a wing  tank  to  75%  of  the  maximum  out- 
flow as  set  forth  above.  The  size  of  a center  tank  will  not  be  per- 
mitted to  be  bigger  than  40,000  cubic  meters. 

These  1971  amendments  to  the  1954  International  Convention  for 
the  Prevention  of  Pollution  of  the  Seas  by  Oil  were  transmitted  to  the 
Senate  for  advice  and  consent  on  May  5,  1972. 
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Section  203  of  the  Act  requires  that  the  report  include  those 
"standards  with  respect  to  the  design,  construction,  alteration, 
and  repair  of  vessels  for  the  purposes  set  forth  in  (A) (i) , (ii) , or 
(iii)  ...not  possible,  an  explanation  of  the  reasons  therefor."  It 
was  stated  previously  that  much  effort  has  been  undertaken  toward 
the  protection  of  the  marine  environment.  However,  current  studies 
have  not  provided  sufficient  evidence  to  focus  on  any  particular  set 
of  standards  or  regulations.  For  this  reason,  it  is  premature  to 
designate  any  standard  developed  for  the  purposes  set  forth  as  not 
possible  or  practical  to  enforce. 

kiiczttanexiLU, 

Spill-Risk  Analysis 

The  Coast  Guard,  having  recognized  the  seriousness  of  spills  of 
hazardous  materials,  has  taken  a number  of  steps  to  prevent  further 
deterioration  of  the  situation  and  to  improve  it  if  possible.  Before 
the  Coast  Guard  can  exercise  its  statutory  authority  to  improve  the 
situation  it  must  know  how  to  select  the  regulations  or  combination 
of  regulations  that  truly  lessen  accidents,  how  to  concentrate  on 
those  situations  where  accidents  are  potentially  most  damaging,  and 
how  to  evaluate  costs  and  benefits  of  alternative  programs.  To  this 
end,  the  Coast  Guard  contracted  the  Operations  Research,  Inc.  in 
November  1972,  to  undertake  a study  for  the  development  of  spill-risk 
analysis. 
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The  objective  of  the  study  is  to  determine  a method  of  selec- 
ting cost-effective  combinations  of  protective  equipment  or  regula- 
tions which  will  decrease  the  probability  of  spill-causing  accidents. 
Only  spills  resulting  from  hull  rupturing  are  to  be  considered  in 
the  early  work  phases.  Since  the  rupture  of  a ship  tank  is  necessary 
for  a spill  to  occur,  the  probability  of  a spill  equates  to  the  pro- 
bability of  a hull-rupturing  accident. 

The  spill-risk  analysis  problem  is  very  large  and  complex.  The 
number  of  factors  involved,  the  lack  of  knowledge  concerning  the 
relative  significance  of  each  factor,  the  lack  of  a method  for  hand- 
ling these  factors,  and  the  need  for  gathering  and  analyzing  large 
amounts  of  data  concerning  them  all  add  to  its  magnitude. 

The  following  general  phases  of  work  are  contemplated  in  the 
complete  program: 

• Methodology  development  and  planning. 

• Danonstration  and  limited  application. 

• Extension  and  generalization. 

« Complete  application. 

• Management  system  development. 

The  first  phase  has  been  completed.  It  studied  the  general  pro- 
blem to  obtain  a knowledge  of  the  problem,  developed  the  general 
logic  of  a methodology  for  handling  the  problem,  and  formulated  plans 
for  the  second,  or  demonstration,  phase  of  the  work. 
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CONCLUSIONS 


The  Ports  and  Waterways  Safety  Act  of  1972  is  a major  step  in 
promoting  safety  and  protecting  the  environmental  quality  of  united 
States  ports  and  waters.  The  Act  emphasizes  prevention.  It  recog- 
nizes the  problems  of  pollution  of  the  marine  environment  from  the 
maritime  transportation  of  polluting  cargoes.  It  requires  both 
better  vessels  and  better  traffic  control.  The  regulations  to  be 
developed  under  this  legislation  will  apply  equally  to  vessels  docu- 
mented under  the  laws  of  the  United  States  and  to  foreign  vessels  in 
the  navigable  waters  of  the  United  States. 

The  Coast  Guard  continues  to  be  concerned  with  the  increasing 
safety  hazards  of  maritime  transportation  and  with  pollution  resulting 
from  operation  of  and  casualties  to  vessels  carrying  oil  or  other 
hazardous  polluting  substances  in  bulk.  While  not  a complete  list  of 
accomplishments  in  this  area,  this  report  highlights  Coast  Guard  con- 
cern and  actions.  A workable  systems  approach  has  been  developed  to 
continue  effective  actions  in  this  field.  As  the  contract  with  the 
Operations  Research,  Inc.,  continues,  it  may  be  advantageous  to  alter 
the  plan  of  approach  as  improvements  in  methodology  are  brought  forth. 
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A project  has  been  established  to  under take  a systems  approach 
to  develop  improved  vessel  standards  for  the  purpose  of  protecting 
the  marine  envirorment  by  eliminating  or  reducing  the  hazards  of 
carrying  certain  cargoes  in  bulk.  This  project  comprises  three 
phases  as  follows: 

Phase  I Data  Acquisition  and  Improvement 

Phase  II  Problem  Analysis  and  Selection  of 

Alternatives 

Phase  III  Regulation  Development  and  Enforce- 

ment 

These  phases  would  at  times  be  underway  concurrently;  however, 
no  definite  time  schedule  has  as  yet  been  established. 

The  project  is  heavily  dependent  upon  reliable  data  for  support. 
Phase  I is  directed  toward  providing  this  data  and  increasing  its 
effectiveness  for  better  management  analysis.  Efforts  to  improve  our 
methods  of  accumulating  and  processing  casualty  and  management  infor- 
mation have  been  underway  for  some  time.  As  a result  of  these  efforts 
reasonably  good  data  is  available.  However,  additional  information 
will  be  required  which  is  contingent  upon  a further  improvement  of 
our  casualty  investigation  procedures.  To  provide  the  required  infor- 
mation and  at  the  same  time  commence  improvement  of  its  effectiveness, 
the  following  tasks  were  deemed  to  be  necessary: 
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Task  1 - Gross  Casualty  Analysis 

Task  2 - Casualty  Data  Collection  Analysis 

Task  3 - Program  Workload  Analysis 

Task  4 - Resource  Allocation  Analysis 

Task  5 - Casualty  Data  Collection  Procedures  Analysis 

Task  6 - Improved  Casualty  Investigation 

Task  7 - Improved  Casualty  Data  Handling  Methods-System 
Design 

Task  8 - Programming  and  Systems  Test 

Task  9 - Ready  Availability  of  Data  to  Project  Groups 

A flow  chart  of  these  task  elements  is  attached  as  Appendix  I. 
Objectives  of  each  for  the  task  elements  in  Phase  I is  attached  as 
Appendix  II. 

Phase  II  is  the  core  of  the  project.  Groups  have  been  established 
to  develop  improved  standards  for  the  purpose  of  protecting  the  marine 
environment  by  eliminating  or  reducing  the  hazards  of  carrying  certain 
cargoes  in  bulk.  There  cure  five  groups  with  the  following  objectives: 
(a)  To  develop  feasible  alternatives  of  design,  construc- 
tion, maintenance,  repair,  personnel  qualifications 
and  operating  standards  of  vessels  for  the  reduction 
of  groundings  and/or  resulting  pollution  and  to  deter- 
mine the  cost,  benefits,  practicality  and  effective- 
ness of  each  alternative. 
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(b)  To  develop  feasible  alternatives  of  design,  con- 
struction, maintenance,  repair,  personnel  qualifica- 
tions, and  operating  standards  of  vessels  for  the 
reduction  of  collisions  and/or  resulting  pollution 
and  to  determine  the  cost,  benefits,  practicality 
and  effectiveness  of  each  alternative. 

(c)  To  develop  feasible  alternatives  of  design,  con- 
struction, maintenance,  repair,  personnel  qualifi- 
cations and  operating  standards  of  vessels  for  the 
reduction  of  fire  and  explosion  and/or  resulting  pollu- 
tion and  to  determine  the  cost,  benefits,  practicality 
and  effectiveness  of  each  alternative. 

(d)  To  develop  feasible  alternatives  of  design,  construc- 
tion, maintenance,  repair,  personnel  qualifications, 
and  operating  standards  of  vessels  for  the  reduction 
of  structural  failures  and/or  resulting  pollution  and 
to  determine  the  cost,  benefits,  practicality  and 
effectiveness  of  each  alternative. 

(e)  To  develop  feasible  alternatives  of  design,  construc- 
tion, maintenance,  repair,  personnel  qualifications, 
and  operating  standards  of  vessels  for  the  reduction 
of  accidental  or  intentional  operational  discharges 
and  resulting  pollution  and  to  determine  the  cost, 
benefits,  practicality  and  effectiveness  of  each 
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alternative. 


Each  group  will  analyze  its  objective  and  develop  appropriate 
alternative  solutions.  To  accomplish  this  goal  specific  task  elements 
were  deemed  to  be  required  for  each  group.  The  task  elements  were 
stipulated  as  follows: 

Task  1 - Casualty  Situation  Analysis 
Task  2 - Failure  Reduction  Analysis 

Task  3 - System  Sensitivity  Analysis  of  Alternatives 
Task  4 - Internal  Resource  Needs  Analysis 
Task  5 - Practicality  Analysis  of  Alternatives 
Task  6 - Cost  Analysis  of  Alternatives 
Task  7 - Cost-Benefit  Analysis  of  Alternatives 
Task  8 - Alternative  Evaluation  Analysis 
Task  9 - Alternative  Selection  Decision 
A flow  chart  for  the  task  elements  for  each  group  in  Phase  II 
is  attached  as  Appendix  III.  Objectives  for  each  of  the  task  elements 
are  attached  as  Appendix  IV. 

Upon  completion  of  the  selection  of  the  preferred  alternative  of 
those  developed  by  each  group,  certain  tasks  remain  to  be  accomplished 
for  the  development  and  promulgation  of  appropriate  regulations.  Phase 
III  is  proposed  for  this  purpose  as  well  as  additional  tasks  required 
to  be  accomplished  in  order  that  the  regulations  may  be  proper  and 
enforceable.  To  carry  out  this  assignment,  task  elements  were 
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stipulated  as  follows: 

Task  1 - Workload  Analysis 
Task  2 - Regulation  Drafting 
Task  3 - Training  Needs  Analysis 
Task  4 - Develop  R&D  Specifications 
Task  5 - Regulation  Promulgation 
A flow  chart  of  these  task  elements  is  attached  as  Appendix  V. 
Objectives  for  each  of  the  task  elements  in  Phase  III  are  attached  as 
Appendix  VI. 
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APPENDIX  II 


PHASE  I TASKS 

Task  1 - Gross  Casualty  Analysis 

This  task  is  to  sort  existing  casualty  data  according  to  major 
types  of  casualties  resulting  in  pollution.  These  groups  would  pro- 
bably consist  of  those  casualties  involving  collisions,  groundings, 
structural  failures,  fires,  explosions,  transfer  spills,  etc. 

The  inputs  to  this  task  would  consist  of  the  existing  casualty 
data,  the  necessary  funds,  and  the  required  personnel  to  perform  the 
task.  The  outputs  of  the  task  would  be  the  groupings  of  gross  casu- 
alty information,  a sorted  casualty  data  file  and  recomnendations  con- 
cerning needed  improvements  to  overcome  the  shortcomings  in  the  exist- 
ing data.  The  final  output  from  this  group  would  be  the  release  of 
the  additional  personnel  provided  for  the  task.  The  recomnendations 
concerning  the  shortcomings  in  the  data  collection  would  provide  one 
of  the  inputs  to  Task  2. 

Task  2 - Casualty  Data  Collection  Analysis 

This  Task  would  have  as  its  objective  the  analysis  of  the  short- 
comings and  data  and  the  providing  of  recommendations  for  overcoming 


these  shortcomings  together  with  the  resource  needs  to  accomplish  the 
recommendations.  Inputs  to  this  task  would  consist  of  the  recommenda- 
tions, the  necessary  personnel  to  accomplish  the  task  and  the  necessary 
funding.  Outputs  from  this  task  would  consist  of  recommendations  and 
manpower  and  dollar  resource  requirements  for  overcoming  the  short- 
comings in  the  data  as  well  as  the  release  of  the  additional  personnel 
required  to  perform  the  task.  The  recommendations  would  be  combined 
with  the  output  of  Task  3. 

Task  3 - Program  Workload  Analysis 

This  task  would  have  as  its  objective  the  performance  of  an  analy- 
sis of  the  existing  program  workload  and  the  assessment  of  the  resources 
presently  dedicated  to  the  various  workload  facets.  Inputs  to  this 
task  would  consist  of  existing  workload  data,  personnel  and  dollar  re- 
sources for  accomplishing  the  task.  The  outputs  of  the  task  would  con- 
sist of  an  assessment  and  analysis  of  the  present  resources  bring  dedi- 
cated to  various  program  workload  efforts  as  well  as  the  release  of 
the  personnel  assigned  to  accomplishing  the  task.  The  outputs  of  this 
Task  and  Task  2 would  be  the  subject  of  a decision  concerning  the 
priority  of  accomplishing  the  improved  data  collection  as  versus  the 
priority  of  the  various  facets  of  existing  program  workloads.  Upon 
completion  of  this  priority  evaluation  and  decision  the  outputs  and 
priority  listing  would  be  furnished  to  Tasks  4 and  5. 
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Ta3k  4 - Resource  Reallocation  Analysis 


| 


This  task  would  have  as  its  objective  determining  the  realloca- 
tion of  resources  within  the  program  to  meet  the  priorities  established 
in  the  preceding  step.  Inputs  to  this  task  would  be  the  priority 
evaluation,  workload  analysis  listing,  personnel  and  dollars  necessary 
to  accomplish  the  task.  The  output  of  the  task  would  be  a Resource 
Change  Proposal  (RCP)  directing  the  reallocation  of  resources. 

Task  5 - Casualty  Data  collection  Procedures  Analysis 

This  task  would  have  as  its  objective  the  analysis  of  our  exist- 
ing casualty  collection  efforts  and  redirecting  these  efforts  to  meet 
the  requirements  as  set  in  Task  2.  The  input  to  this  task  would  con- 
sist of  the  casualty  data  collection  improvement  needs,  personnel  and 
dollars  necessary  to  accomplish  the  task.  The  outputs  of  this  task 
would  consist  of  a directive  to  the  field  indicating  the  improvements 
required  in  casualty  data  collection  efforts,  the  revised  casualty 
data  collection  forms  and  procedures  and  the  release  of  the  personnel 
assigned  for  the  accomplishment  of  this  task.  The  outputs  of  Task  4 
and  5 would  ultimately  reach  the  field  £n  the  form  of  requirements 
for  changes  in  casualty  data  collection  and  forms  for  the  accomplish- 
ment of  this  change  together  with  direction  concerning  the  utilization 
of  field  resources  for  intensifying  data  casualty  collection  and  for 
reducing  other  efforts  to  provide  the  necessary  resources.  Some  field 
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and  the  release  of  the  personnel  assigned  to  the  Task. 


Task  6 - Cost  Analysis  of  Alternatives 

This  Task  would  have  as  its  objective  the  development  of  total 
cost  analysis  for  each  of  the  alternatives  recommended  as  a result 
of  Task  2.  Inputs  to  this  Task  would  consist  of  the  failure  reduction 
analysis  accomplished  in  Task  2,  Internal  Resource  Needs  developed  in 
Task  4,  cost  data  obtained  from  sources  external  to  the  commercial 
vessel  safety  program,  and  personnel  and  dollar  resources  necessary 
for  the  accomplishment  of  the  Task.  Outputs  of  this  Task  would  con- 
sist of  a cost  analysis  of  each  of  the  alternatives  addressing  the 
government  cost  to  implement  the  alternative,  the  owner's  cost  to  com- 
ply with  the  alternative,  the  owner's  savings  due  to  prevention  of 
casualties,  and  third  party  savings  resulting  from  the  reduction  or 
elimination  of  the  casualties.  Other  outputs  would  include  recommenda 
tions  concerning  data  requirements,  R&D  needs,  and  the  release  of  the 
personnel  assigned  to  the  Task. 

Task  7 - Cost  Benefit  Analysis  of  Alternatives 

This  Task  would  have  as  its  objective  the  development  of  a cost- 
benefit  analysis  for  each  of  the  alternatives  developed  in  Task  2.  In 
puts  to  this  Task  would  consist  of  the  benefit  analysis  developed  in 
Task  2,  the  cost  analysis  developed  in  Task  6 and  the  dollar  and  per- 
sonnel resources  necessary  to  accomplish  this  Task.  Outputs  from  this 
Task  would  consist  of  the  cost-benefit  analysis  for  each  alternative, 
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recommendations  concerning  research  and  development  needs,  recommenda- 
tions concerning  additional  data  needs,  and  the  release  of  the  per- 
sonnel assigned  for  the  completion  of  the  Task. 

Task  8 - Alternative  Evaluation  Analysis 

This  Task  would  have  as  its  objective  the  preparation  of  a com- 
plete analysis  of  each  of  the  alternatives  in  the  preceding  series  of 
tasks.  Inputs  to  this  Task  would  consist  of  the  analysis  outputs  of 
Tasks  4 through  7,  and  the  necessary  personnel  and  dollar  resources  to 
accomplish  the  Task.  The  outputs  of  this  Task  would  consist  of  the 
complete  analysis  package  for  each  of  the  alternatives  addressed  in 
the  analysis  output  of  Task  2 and  the  release  of  the  resources  assigned 
to  the  accomplishment  of  this  Task. 

Task  9 - Alternative  Selection  Decision 

This  decision  consists  of  the  review  of  the  complete  analysis 
package  and  the  selection  of  the  preferred  alternative.  The  output  of 
this  decision  is  the  selection  of  the  preferred  alternative. 
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PHASE  II  TASKS 


Task  1 - Casualty  Situation  Analysis 

This  Task  would  address  one  of  the  casualty  situations  indicated 
by  the  gross  casualty  analysis.  This  Task  would  have  as  its  objec- 
tive the  detailed  identification  of  the  role  played  by  various  types 
of  failures  both  mechanical  and  personnel  contributing  or  causing  this 
type  of  casualty.  Inputs  to  this  Task  would  consist  of  the  available 
casualty  data  concerning  the  casualty  situation  both  in  the  form  of 
printouts  and  back  up  hard  copy  casualty  files,  personnel  and  dollar 
resources  necessary  to  accomplish  the  task.  Output  from  this  Task 
would  consist  of  detailed  analyses  of  the  causes  and  contributing 
factors  of  the  casualty  situation,  recommendations  concerning  short- 
comings in  the  casualty  data,  recommendations  concerning  research  and 
development  needs,  and  the  release  of  the  personnel  assigned  to  the 
Task . 

Task  2 - Failure  Reduction  Analysis 

This  Task  would  have  as  its  objective  the  development  and  analy- 
sis of  alternative  means  of  minimizing  or  eliminating  the  failures 
causing  or  contributing  to  the  particular  type  casualty  situation.  In- 
puts to  this  Task  would  consist  of  the  failure  analyses  developed  in 
Task  1 and  personnel  and  dollar  resources  necessary  to  accomplish  the 


Task.  Outputs  from  this  Task  would  consist  of  a detailed  analysis 
of  alternatives  for  the  elimination  or  reduction  of  the  identified 
failures.  These  alternatives  would  consist  of  changes  in  the  vessels' 
design,  improvements  in  vessels'  construction,  changes  in  operating 
procedures  including  crew  skills  or  competence,  improvements  in  vessel 
maintenance,  and  changes  in  vessel  equipment.  The  benefit  to  be  ob- 
tained by  the  adoption  of  each  alternative  would  be  included  for  each 
type  of  vessel  (i.e.,  petroleum  tankers,  liquified  gas  carriers,  bulk 
chemical  carriers,  etc.).  Other  outputs  would  include  recommendations 
concerning  shortcomings  in  available  data,  recommendations  concerning 
necessary  research  and  development  efforts,  and  the  release  of  per- 
sonnel supplied  for  the  accomplishment  of  this  Task. 

Task  3 - System  Sensitivity  Analysis  of  Alternatives 

This  Task  would  have  as  its  objective  the  analysis  of  the  sensi- 
tivity of  the  entire  marine  transportation  system  to  changes  indicated 
by  the  adoption  of  each  of  the  alternatives  recommended  in  Task  2. 
Inputs  to  this  Task  would  consist  of  the  analysis  performed  in  Task  2, 
improved  casualty  data  resulting  from  the  accomplishment  of  Task  6 of 
Phase  I and  necessary  dollar  resources  for  the  accomplishment  of  the 
Task.  Outputs  of  this  Task  would  be  the  sensitivity  analysis  of  each 
of  the  alternatives,  recommendations  concerning  shortcomings  in  the 
casualty  data  recommendations  concerning  necessary  R&D,  and  the  re- 
lease of  the  personnel  assigned  to  the  Task. 
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Task  4 - Internal  Resource  Needs  Analysis 


This  Task  would  have  as  its  objective  the  analysis  of  the  quantity 
and  quality  of  program  resources  required  to  accomplish  the  alter- 
natives recommended  in  Task  2.  This  would  include  analysis  of  skills 
required  on  the  part  of  program  personnel,  new  test  and  inspection 
equipment  required  for  program  personnel,  and  new  educational  dis- 
ciplines required  within  the  program  to  insure  compliance.  Inputs  to 
this  Task  would  consist  of  the  failure  reduction  analysis  alternatives 
from  Task  2 and  personnel  dollar  resources  necessary  to  accomplish  the 
Task.  The  outputs  of  this  Task  would  consist  of  the  internal  resource 
need  analysis  for  each  of  the  alternatives,  recommendations  concerning 
additional  data  needs,  recommendations  concerning  additional  research 
and  development  needs,  and  the  release  of  the  personnel  assigned  to  the 
accomplisliment  of  this  Task. 

Task  5 - Practicality  Analysis  of  Alternatives 

This  Task  would  have  as  its  objective  the  assessment  of  the  practi- 
cality of  instituting  each  of  the  recommended  alternatives.  Inputs 
to  this  Task  would  be  the  sensitivity  analysis  performed  in  Task  3,  im- 
proved casualty  data  accomplished  as  a result  of  Task  6 of  Phase  I and 
the  personnel  and  dollar  resources  necessary  to  accomplish  the  Task. 
Outputs  from  this  Task  would  be  the  practicality  analysis  of  each  of 
the  alternatives,  recommendations  concerning  shortcomings  in  the  avail- 
able data,  recommendations  concerning  necessary  research  and  development, 
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and  the  release  of  the  personnel  assigned  to  the  Task. 


Task  6 - Cost  Analysis  of  Alternatives 

This  Task  would  have  as  its  objective  the  development  of  total 
cost  analysis  for  each  of  the  alternatives  recommended  as  a result 
of  Task  2.  Inputs  to  this  Task  would  consist  of  the  failure  reduction 
analysis  accomplished  in  Task  2,  Internal  Resource  Needs  developed  in 
Task  4,  cost  data  obtained  from  sources  external  to  the  commercial 
vessel  safety  program,  and  personnel  and  dollar  resources  necessary 
for  the  accomplishment  of  the  Task.  Outputs  of  this  Task  would  con- 
sist of  a cost  analysis  of  each  of  the  alternatives  addressing  the 
government  cost  to  implement  the  alternative,  the  owners  cost  to  comply 
with  the  alternative,  the  owners  savings  due  to  prevention  of  casual- 
ties, and  third  party  savings  resulting  from  the  reduction  or  elimination 
of  the  casualties.  Other  outputs  would  include  recommendations  con- 
cerning data  requirements,  RSD  needs,  and  the  release  of  the  personnel 
assigned  to  the  Task. 

Task  7 - Cost  Benefit  Analysis  of  Alternatives 

This  Task  would  have  as  its  objective  the  development  of  a cost- 
benefit  analysis  for  each  of  the  alternatives  developed  in  Task  2.  In- 
puts to  this  Task  would  consist  of  the  benefit  analysis  developed  in 
Task  2,  the  cost  analysis  developed  in  Task  6 and  the  dollar  and  per- 
sonnel resources  necessary  to  accomplish  this  Task.  Outputs  from  this 
Task  would  consist  of  the  cost-benefit  analysis  for  each  alternative. 
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recommendations  concerning  research  and  development  needs,  recommenda- 
tions concerning  additional  data  needs,  and  the  release  of  the  per- 
sonnel assigned  for  the  completion  of  the  Task. 

Task  8 - Alternative  Evaluation  Analysis 

This  Task  would  have  as  its  objective  the  preparation  of  a com- 
plete analysis  of  each  of  the  alternatives  in  the  preceeding  series  of 
tasks.  Inputs  to  this  Task  would  consist  of  the  analysis  outputs  of 
Tasks  4 through  7,  and  the  necessary  personnel  and  dollar  resources  to 
accomplish  the  Task.  The  outputs  of  this  Task  would  consist  of  the 
complete  analysis  package  for  each  of  the  alternatives  addressed  in 
the  analysis  output  of  Task  2 and  the  release  of  the  resources  assigned 
to  the  accomplishment  of  this  Task. 

Task  9 - Alternative  Selection  Decision 

This  decision  consists  of  the  review  of  the  complete  analysis 
package  and  the  selection  of  the  preferred  alternative.  Outputs  of 
this  decision  of  the  selection  of  the  preferred  alternative. 
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APPENDIX  VI 
PHASE  III  TASKS 

Task  1 - Workload  Analysis 

This  Task  has  as  its  objective  the  analysis  of  program  workload 
together  with  the  analysis  of  increased  workload  resulting  from  the 
selection  of  the  prime  alternative.  Inputs  to  this  Task  are  the  com- 
plete alternative  evaluation  analysis,  the  indication  of  the  selected 
prime  alternative,  the  workload  data  file,  and  the  personnel  and 
dollar  resources  necessary  to  accomplish  this  Task.  The  outputs  of 
this  Task  are  a Resource  Change  Proposal  for  the  subsequent  budget 
stage  indicating  the  additional  resources  required,  the  reallocation 
of  present  resources  and  the  release  of  the  additional  personnel 
assigned  for  this  Task. 

Task  2 - Regulation  Drafting 

This  Task  has  as  its  objective  the  drafting  of  regulations  for 
implementing  the  prime  alternative  selected.  Inputs  to  this  Task  are 
the  alternative  evaluation  analysis,  the  indication  of  the  selected 
alternative,  and  the  personnel  and  dollar  resources  necessary  for 
accomplishing  this  Task.  Outputs  of  this  Task  are  the  draft  regulations 
and  the  release  of  the  additional  personnel  assigned  for  this  Task. 
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Task  3 - Training  Needs  Analysis 


This  Task  has  as  its  objective  the  development  of  the  analysis  of 
additional  training  needs  for  program  personnel  for  accomplishing  the 
selected  alternative.  Inputs  to  this  Task  are  the  alternative  evalua- 
tion analysis  and  the  indication  of  the  selected  alternative  together 
with  the  necessary  personnel  and  dollar  resources  for  accomplishing 
the  Task.  Outputs  from  this  Task  are  an  RCP  for  training  require- 
ments, the  additional  personnel  and  dollar  resources  required  for 
accomplishing  this  training  and  the  release  of  the  additional  per- 
sonnel assigned  for  the  accomplishment  of  this  Task. 

Task  4 - Development  of  R&D  Specifications 

This  Task  has  as  its  objective  the  production  of  research  and  de- 
velopment specifications  indicating  additional  R&D  needs.  Inputs  to 
this  Task  are  the  alternative  evaluation  analysis  and  dollar  and 
personnel  resources  necessary  to  accomplish  this  Task.  The  outputs 
of  this  Task  are  an  RCP  indicating  detailed  specifications  concerning 
additional  research  and  development  needs  and  an  RCP  for  the  dollar 
resources  required  to  perform  the  necessary  research  and  development. 
The  third  output  from  this  Task  is  to  release  the  personnel  assigned 
to  the  Task. 

Task  5 - Regulation  Promulgation 

This  Task  has  as  its  objective  a promulgation  of  the  regulations 
for  implementing  the  selected  alternative.  The  inputs  to  this  Task  are 
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the  draft  regulations  developed  in  Task  2 and  the  personnel  and  dollar 
resources  necessary  to  accomplish  the  Task.  The  outputs  to  this  Task 
are  the  promulgated  regulations  and  the  release  of  the  additional  per- 
sonnel assigned  to  the  Task. 
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SYNOPSIS 


The  study  of  segregated  ballast  tankers  reported  upon  herein  was 
prepared  for  submission  to  the  IMCO  Sub-committee  on  Ship  Design 
and  Equipment  in  accordance  with  previous  notes  by  the  United 
States,  DE  VII  2/4  and  OP  X/2/5.  This  study  is  one  of  the  nine 
study  areas  agreed  upon  at  the  tenth  meeting  of  the  Sub-committee 
on  Marine  Pollution  and,  accordingly,  its  principal  results  should 
be  considered  in  conjunction  with  results  from  each  of  the  otner 
studies,  notably  studies  II,  III,  IV,  V,  and  VI. 

The  principal  features  of  the  study  are  summarized  herein.  It  is 
recommended  that  a thorough  review  of  the  entire  study  be  made  since 
the  results  are  velieved  to  be  subject  to  further  analysis  and 
interpretation  beyond  that  which  is  possible  here,  particularly  in 
regard  to  those  data  concerned  with  estimated  effectiveness  for 
pollution  abatement.  The  study  is  divided  into  the  following  principal 
sections : 

I Introduction 

II  Design  and  Engineering  Summary 
III  Construction  Costs 
IV  Economic  Analysis 

V Degree  of  Effectiveness  for  Pollution  Abatement 
VI  Other  Operational  Factors 

Before  summarizing  the  principal  results  from  each  of  these  sections, 
the  following  general  points  must  be  made: 

* 
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This  study  has  only  concerned  itself  with  the  construction 
of  new  large  crude  carriers.  The  various  design  features, 
estimated  ship  prices,  and  economics  are  not  applicable 

t 

to  conversions  of  existing  ships.  Even  for  the  construction 
of  new  handy  size  product  tankers,  differences  in  cubic 
requirements,  ballast  requirements,  trading  patterns,  and 
general  marine  economics  could  provide  answers  sufficiently 
different  so  as  to  make  estimates  herein  inapplicable. 

Whereas  the  results  given  may  be  considered  representative 
for  large  crude  tankers  in  general,  they  should  not  be 
regarded  as  optimum  either  for  the  base  case  conventional 
designs  or  for  the  segregated  ballast  design  variations. 
Further  design  refinement  of  any  particular  type  of  large 
crude  tanker  would  be  possible.  Accordingly,  the  results 
should  be  viewed  with  this  in  mind. 

It  is  evident  throughout  the  study  that  the  level  of  ballast 
required  for  safe  operation  of  a large  crude  tanker  is  an 
extremely  important  parameter  to  which  both  economics  and 
pollution  effectiveness  are  extremely  sensitive.  While  this 
study  contains  comments  on  ballast  level,  it  has  not  attempted 
to  answer  the  complex  question  of  what  constitutes  an 
acceptable  ballast  level.  This  involves  considerations  of 
ship  design,  trade  routes,  etc.  which  are  beyond  the  scope 
of  this  study.  Instead  the  study  has  tried  to  give  an 
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indication  of  the  sensitivity  of  the  major  variables  to 
this  parameter • It  should  also  be  noted  that  nearly  all 
modern  large  crude  tankers  of  freeboard  draft  design 
already  possess  a significant  segregated  ballast  capability 
although  not  sufficient  for  general  operation. 

The  ship  designs  prepared  include  thirteen  different  cases,  twelve 
of  which  are  shown  diagrammat ically  in  Figure  1.  The  one  case  not 
shown  is  a double  skin  variation  of  a 250M  DWT  in  which  the  side 
skins  and  double  bottom  conform  to  the  IMCO  damage  definitions; 

i.e.,  side  skin  width  equal  to  B/5  and  double  bottom  height  equal 

to  B/15.  This  case  was  dropped  from  further  study  when  it  was 
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determined  that  the  resulting  design  lacked  stability,  both  intact 
and  under  damaged  conditions.  By  reference  to  Figure  1 it  can  be 
seen  that  the  principal  ship  design  characteristics  are: 

1.  three  base  ships  of  120M,  250M,  and  500m  DWT  each  of  whi<->>: 

. are  of  freeboard  draft  design 

. meet  the  IMCO  outflow  criteria 

. have  cargo  capacities  for  38°  API 
cargo  on  a long  voyage 

2.  with  two  basic  variations  of  segregated  ballast  levels 
to  produce  ballast  displacements  of  either  45%  or  t>0% 
of  full  load  displacement  as  compared  to  a value  on 
the  order  of  20-25%  for  the  base  case  ships 

3.  double  bottoms  with  segregated  ballast  (B-type  designs) 

- I'  . r 

4.  double  sides  with  segregated  ballast  (D-type  design) 


A. 
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5.  double  skins  with  segregated  ballast  (C-type  design) 


6.  single  skins  with  segregated  ballast  in  alternate 
wing  tanks  (B-type  designs) 

The  summary  table  gives  the  principal  results  of  the  study.  These 
results  are  grouped  in  such  a way  as  to  show  the  principal  findings 
lor  various  types  of  design  changes  regardless  of  ship  size.  The 
summary  table  also  shows  the  particular  section  and/or  table(s) 
containing  more  detailed  information  on  each  aspect  of  the  study. 

The  following  explanatory  comments  to  the  summary  table  are  considered 
pertinent : 

. To  understand  Description  of  Design  Change  (column  1)  and 
DWT  and  Design  (column  2)  refer  to  Figure  1. 

. Segregated  Ballast  Displacement  (column  3)  refers  to  that 
level  of  ballast  displacement  (as  a percent  of  full  load 
displacement)  which  each  particular  case  can  attain  using 
only  segregated  ballast.  Those  cases  in  which  a value  of 
45*  is  shown  were  designed  for  that  specific  amount  of 
segregated  ballast.  Consequently,  when  evaluated  in  terms 
of  a 60*  ballast  level,  it  is  necessary  to  use  additional 
ballast  in  cargo  tanks  to  meet  that  figure.  In  spite  of 
this,  the  ships  designed  to  the  45*  ballast  levels  have 
been  evaluated  as  to  pollution  effectiveness  using  normal 
ballast  handling  procedures  for  the  additional  amount  of 
ballast  needed  to  achieve  a level  of  60*. 
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. Percent  Increase  in  Ship  Price  (column  4)  and  Percent 

Increase  in  Required  Freight  Rate  (RFR)  (column  5)  should 
be  self-explanatory.  It  should  be  noted,  however,  that  in 
column  5 the  values  shown  take  the  average  of  separate 
estimates  made  both  for  long  and  short  voyages. 

. Operational  Pollution  (column  6)  shows  a range  of  values 
as  a percent  of  operational  pollution  which  has  been 
estimated  for  the  base  ship  of  similar  DWT.  For  example, 
the  values  of  13-31%  for  design  250  E-2  represent  an 
estimated  operational  discharge  of  between  13  and  31%  of 
that  which  would  occur  with  the  base  ship,  250-A  IMCO. 

The  range  reflects  both  a range  of  ballast  displacement 
between  45  and  60%  of  full  load  displacement,  and  the  two 
tank  washing  assumptions  described  in  the  report. 

. Columns  7 and  8 show  estimates  of  relative  accidental 

pollution  from  strandings  and  collisions  as  a percent  of 
the  estimated  outflow  which  might  occur  in  a similar 
accident  to  the  base  ship  of  similar  DWT.  For  example, 
the  value  of  161%  for  250  E-2  represents  an  estimated 
outflow  161%  of  that  which  would  occur  to  the  base  ship 
250-A  IMCO,  in  a similar  stranding  accident. 

The  following  general  observations  concerning  the  results  in  the 
summary  table  may  be  made: 
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Any  of  the  segregated  ballast  designs  studied  produce  an 
increase  in  ship  price  and  in  RFR.  The  ship  prices  and 
values  of  RPR  are  definitely  sensitive  to  the  level  of 
segregated  ballast  capacity  and  they  increase  as  more 
complex  ship  arrangements  are  introduced. 

For  any  given  design  type  the  increases  in  ship  price  and 
RFR  are  sensitive  to  the  proportions  of  the  base  ship.  The 
120M,  250M,  and  5O0M  DWT  base  ships  are  not  geometrically 
proportional.  For  instance,  compare  increases  for  designs 
250  E-l  to  500  E-l,  and  designs  120  C to  250  C. 

The  estimated  degree  of  effectiveness  of  operational 
pollution  abatement  (column  6)  definitely  appears  to  be 
improved  by  features  of  the  types  studied,  and  it  also 
appears  sensitive  both  to  ballast  level  and  method  of  tank 
washing.  It  is  important  to  note,  however,  that  in  none  of 
the  cases  studied  is  the  degree  of  effectiveness  total  as 
may  be  commonly  supposed  for  segregated  ballast  tankers. 
Furthermore,  as  explained  in  the  study,  the  level  of 
effectiveness  is  strongly  dependent  upon  that  which  can  be 
achieved  in  the  base  ship  designs.  This  determination  is 
the  subject  of  IMCO  Study  III  and,  accordingly,  the  results 
shown  in  the  present  study  should  be  interpreted  in  the 
light  of  that  study.  It  should  also  be  noted  that  the  data 
base  for  the  effectiveness  of  double  bottom  designs  in  reducing 
operational  pollution  is  limited  compared  to  that  for  single 
bottom  tankers. 
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. The  degree  of  effectiveness  in  accidental  pollution 
(columns  7 and  8)  indicates  that  none  of  the  designs 
produce  a high  degree  of  effectiveness  against  both 
strandings  and  collisions.  These  data  show  that  for 
many  of  the  designs,  the  expected  outflow,  particularly 
in  a stranding  may  increase  over  that  which  would  occur 
in  the  base  ship  under  similar  circumstances. 

From  the  summary  table  it  will  be  apparent  that  a proper  analysis  and 
interpretation  of  the  data  in  columns  6,  7,  and  8 dealing  with  estimated 
pollution  effectiveness  involves  consideration  of  the  trade-offs 
between  these  various  factors.  In  Section  VC  of  the  study  further 
data  are  presented  showing  varying  combinations  of  assumptions  as  to 
the  magnitude  of  accidental  pollution  from  strandings  and  collisions 
and  the  sensitivity  thereto.  The  results  of  a wide  range  of  assumption-' 
as  to  these  parameters  are  given  in  Section  V C showing  estimated 
relative  outflows  and  cost  effectiveness  for  each  of  the  designs  over 
the  range  of  damage  assumptions  and  ballast  levels.  From  a review  of 
that  Section  it  will  become  apparent  that  for  most  of  the  designs  a 
further  trade-off  must  be  considered  since  few  offer  reasonable 
protection  over  all  ranges  of  possible  assumptions. 

Another  important  factor  in  interpreting  these  data  is  the  degree  to 
which  other  accident  prevention  measures  now  being  studied  by  IMCO  will 
tend  to  be  effective  in  mitigating  the  one  type  of  accident  or  the 
other;  for  instance,  traffic  separation  schemes,  navigation  equipments, 
officer  training,  etc. 
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In  regard  to  the  values  shown  as  to  degree  of  effectiveness  in 
pollution  abatement,  these  values  should  be  regarded  principally  as 
being  relative  in  nature.  The  determination  of  the  estimated  outflow 
values  particularly  for  the  accidental  situation  were  made  on  the 
basis  of  a number  of  assumptions  which  are  described  in  the  rejxirt. 

It  is  hoped  that  these  assumptions  have  been  sufficiently  explicit 
so  that  further  analysis  based  on  other  assumptions  may  be  made. 

Section  VI  provides  a brief  discussion  of  certain  practical  operating 
factors  which  could  not  be  directly  reflected  in  the  economics  due 
to  lack  of  sufficient  experience  or  data  with  ships  of  the  type 
studied.  Principal  amoung  these  are  the  impact  of  larger  freeboard 
resulting  from  various  segregated  ballast  levels  which  will  have  an 
adverse  effect  upon  ship  handling,  mooring,  and  piers.  The  possible 
problems  from  sludge  build-up  in  the  double  bottoms  due  to  ballast 
were  also  not  quantified.  The  favorable  effects  in  regard  to  tank 
cleaning  and  turn  around  time  for  each  of  the  design  types  have  been 
included  in  the  study's  economic  and  pollution  effectiveness  estimates. 

Finally,  this  study  provides  a data  base  from  which  an  overall 
assessment  can  be  drawn  for  the  evaluation  of  tanker  design  criteria 
in  conjunction  with  the  other  five  studies.  It  is  beyond  the  scope 
of  this  study  to  attempt  such  an  evaluation  at  this  time. 
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SECTION  I 


INTRODUCTION 


The  Maritime  Safety  Committee,  at  its  XXIII  Session,  recalling 
Resolution  1 of  the  1954  Conference  on  the  Prevention  of  Pollution 
of  the  Sea  by  Oil  which  called  for  "The  complete  avoidance  as  soon 
as  practical  of  discharge  of  persistent  oil  into  the  sea",  agreed 
that  one  of  the  main  objectives  of  the  1973  Conference  on  Marine 
Pollution  should  be  the  achievement  by  1975  if  possible,  but 
certainly  by  the  end  of  the  decade,  the  complete  elimination  of 
the  willful  and  intentional  pollution  of  the  seas  by  oil  and  other 
noxious  substances  as  well  as  minimization  of  accidental  spills. 

To  that  end,  an  accelerated  work  program  was  agreed  upon  by  the 
scheduling  of  extra  sessions  of  the  Subcommittee  on  Ship  Design 
and  Equipment  and  the  Subcommittee  on  Marine  Pollution. 

With  reference  to  the  work  to  be  carried  out  by  the  1973  IMCO 
Conference,  with  the  view  to  achieving  the  complete  elimination 
of  the  intentional  discharges  of  oil,  the  United  States  submitted 
to  the  Subcommittee  on  Ship  Design  and  Equipment  a note  (DE  VII/2/4) 
containing  an  outline  of  five  possible  problem  areas  and  alternative 
solutions  in  order  to  achieve  complete  elimination  of  intentional 
pollution  of  the  sea  from  ships.  The  paper  suggested  that  these  fiv 
areas  be  studied  in  order  to  assess  the  economic,  operating  and 
design  aspects  of  the  potential  solution.  In  relation  to  one  of 


these  studies,  the  paper  set  out  an  outline  of  the  Study  for 
Segregated  Ballast  Tankers  which  was  already  being  undertaken  in 
the  United  States.  The  paper  proposed  that  the  Segregated  Ballast 
Tanker  Study  by  the  United  States  include  such  factors  as  capital 
costs,  operating  costs,  practical  operating  problems  and  degree  of 
effectiveness  regarding  pollution  abatement. 

A similar  note  by  the  United  States  was  considered  at  the  X Session 
of  the  Subcommittee  on  Marine  Pollution  (OPX/2/5) . After  consideration 
of  the  United  States  note  and  proposals  submitted  by  other  delegations, 
the  Subcommittee  on  Marine  Pollution  agreed  that  it  should  proceed 
with  nine  studies  on  the  basis  of  the  outline  set  out  in  OP  X/9 , 

Annex  II.  The  study  of  the  Segregated  Ballast  Tankers  is  listed 
as  Study  1,  with  the  United  States  as  the  lead  country  and  Norway, 
Sweden  and  the  United  Kingdom  as  associate  countries. 

The  primary  objectives  of  the  study  are: 

1.  To  evaluate  the  effect  of  design  modifications  on  oil 
pollution  abatement  for  a range  of  very  large  crude  carriers;  and 

2.  To  determine  practical  arrangements  (designs)  for  a family 
of  tankers  with  various  segregated  ballast  capabilities. 

The  study  has  been  divided  into  four  subdivisions: 

. Estimate  of  capital  costs; 

. Estimate  of  operating  costs; 

. Degree  of  effectiveness  regarding  pollution  abatement;  and 
. Assessment  of  practical  factors. 
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A family  of  eight  designs  of  250,000  ton  deadweight  crude  oil 
tankers  forms  the  basis  for  the  study.  To  provide  indications  of 
the  effect  of  design  variations  on  tankers  with  deadweight  quite 
different  from  250,000  tons,  two  other  baseline  tankers  were 
selected  at  about  120,000  and  500,000  tons  deadweight.  A single 
alternative  design  was  developed  for  both  of  these  deadweights  to 
indicate  whether  trends  observed  for  the  250,000  ton  ships  were 
changed  in  any  significant  manner.  The  three  basic  designs  are 
hereafter  referred  to  as  the  120  series,  the  250  series  and  the 
500  series. 

In  each  series  an  existing  design  was  selected  as  a basis  for  base- 
line dimensions  and  characteristics.  The  power  level  was  held 
constant  for  all  variations  of  a given  deadweight  and  the  specifi- 
cations for  the  basic  ship  were  modified  only  to  the  extent  necessary 
to  reflect  changes  required  by  the  design  changes  to  the  configuration. 
Since  draft  is  often  the  most  severe  limitation  on  tanker  dimensions, 
the  draft  of  all  versions  in  each  size  group  was  kept  the  same  as 
the  baseline  design.  Increasing  the  amount  of  segregated  ballast 
in  excess  of  that  normally  carried  by  a large  crude  tanker  resulted 
in  excess  freeboard.  Excess  freeboard  would  in  all  likelihood  also 
result  if  deadweight  were  held  constant  instead  of  draft.  Holding 
length  and  beam  constant  also,  the  depth  was  changed  to  provide  the 
maximum  cargo  deadweight  capacity  with  varying  amounts  of  segregated 
ballast  capacity  and  cargo  at  38°  A.P.I.  (Specific  gravity  of  0.8348.) 
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While  the  end  result  is  a family  of  ships  which  is  deemed  sufficiently 
representative  of  actual  designs  for  comparison  purposes,  they  should 
not  be  considered  optimums. 

These  twelve  designs  were  developed  to  permit  an  estimate  of  the 
effect  upon  capital  and  operating  costs  of  each  of  the  following: 

1.  Influence  of  the  amount  of  segregated  ballast  capacity 

2.  Influence  of  protective  features  such  as: 

. double  bottoms 
. double  sides 
. complete  double  skin 

. alternate  cargo  and  ballast  wing  tanks 
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SECTION  II.  DESIGN  AND  ENGINEERING  SUMMARY 


This  section  of  the  report  provides  an  overview  of  all  designs 
developed  in  the  course  of  the  study.  Before  describing  each 
version  individually  the  bases  common  to  all  designs  will  be  given. 

In  addition  to  those  dimensional  limitations  mentioned  in  the 
introduction,  the  following  design  goals  were  achieved  on  all 

designs : 

1.  Sufficient  cubic  capacity  is  provided  to  permit  carriage 
of  full  deadweight  on  a 22,000  mile  voyage  with  a cargo  gravity 
of  38°  A.P.I. 

2.  All  designs  satisfy  standard  classification  society 
section  moduli  requirements  without  significant  additional  steel. 

3.  For  each  series  of  deadweight  the  draft  is  held  constant. 

4.  For  each  series  of  deadweight  the  power  and  speed  are 
held  constant. 

5.  All  designs  employ  ABS  higher  strength  steels  types  AH  and 
DH  to  the  maximum  extent  deemed  practical  in  longitudinal  material. 
Ordinary  strength  steel  is  used  elsewhere. 

b.  All  segregated  ballast  tanks  receive  a complete  surface 
treatment  and  a coating  of  inorganic  zinc. 

7.  All  designs  meet  the  hypothet ical  oil  outflow  requirements 
proposed  by  IMCO. 
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8. 


All  designs  possess  sufficient  stability  to  satisfy  the 


damage  requirements  of  the  1966  Loadline  Convention. 

9.  The  baseline  designs  in  each  series  are  freeboard  draft 
designs;  others  are  not. 

* 

Prior  to  determining  the  influence  of  the  amount  of  ballast,  the 
ballast  requirements  of  each  series  had  to  be  determined.  The 
amount  of  ballast  that  will  be  carried  on  board  a tanker  is  a 
function  primarily  of  the  ship's  characteristics  and  of  the 
weather  conditions.  The  characteristics  include  bulbous  bows, 
size,  proportions  and  vibration  and  motion  performance.  But  it  is 
weather  conditions  which  appear  to  have  the  most  significant  effect 
on  the  amount  of  ballast  carried.  In  order  to  assess  the  frequency 
with  which  heavy  weather  is  encountered  in  a typical  large  tanker 
trade  route,  log  book  data  was  reviewed. 

These  data  indicated  that  heavy  weather  conditions  (Beaufort  6 or 
greater)  will  be  encountered  in  over  905?  of  the  voyages  between 
Northern  Europe  and  the  Persian  Gulf,  which  is  one  of  the  most 
important  large  tanker  routes  today.  Although  the  ballast  carried 
in  this  trade  showed  a considerable  amount  of  scatter,  there  appear 
to  be  several  trends.  One  is  that  the  amount  of  ballast  carried, 
as  a i>ercentage  of  full  load  displacement  decreases  with  increasing 
ship  size.  Secondly,  there  appears  to  be  two  basic  conditions  at 
which  the  large  tankers  operate,  one  for  normal  weather  (Beaufort 
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5 or  less)  and  the  other  for  heavy  weather.  These  conditions  range 
from  45%  to  55%  of  the  full  load  displacement  with  greater  amounts 
occasionally  used. 

Because  of  the  scatter  in  the  data  it  has  been  impossible  to  select 

a specific  ballast  condition  for  a 250,000  DWT  tanker  or  any  other 

series.  Accordingly  two  segregated  ballast  cases  were  selected 
for  examination  in  this  study,  one  at  45%  full  load  displacement, 

the  second  at  oO%  to  encompass  the  majority  of  heavy  ballast  cases. 

(See  Table  A-2,  Appendix  A,  for  ballast  capacities  as  a percent  of 
deadweight . ) 

Figure  1 shows  plan  views  of  the  complete  group  of  ships  studied 
along  with  principal  dimensions,  ballast  location  and  quantity. 

It  gives  an  indication  of  the  relative  ship  sizes  and  arrangements 
considered. 

A.  Ship  Configurations 

1.  250  Series;  This  series  is  comprised  of  a family  ox  eight 

ships  developed  in  sufficient  detail  to  establish  construction  cost. 
An  additional  version  was  developed  only  to  the  extent  that  its 
lack  of  feasibility  could  be  established.  With  the  exception  ox 
depth  all  ships  had  identical  dimensions,  displacement,  hull  form, 
accommodations  and  machinery  but  different  tank  configurations  and 
deadweights.  In  all  design  types  the  total  segregated  ballast 
capacities  include  ballast  carried  in  the  forepeak,  the  wing  tanks, 
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and  other  miscellaneous  tankage.  The  base  ship,  (a),  is  similar 
to  an  existing  vessel. 

(a)  250-A:  This  design  is  a single  skin  conventional 

ship  of  about  250,000  L.T.  deadweight  as  shown  in  drawing  No.  250A-i. 
It  is  typical  of  a large  crude  tanker  now  in  operation. 

(b)  250-A  IMCO:  This  design  represents  one  method 

of  adjusting  the  design  of  250-A  to  meet  the  IMCO  oil  outflow 
limitation  of  30,000  cubic  meters.  It  is  shown  in  drawing 

No.  2 50- IMCO . This  design  constitutes  the  correct  base  for  comparison 
of  the  remaining  variations  since  all  subsequent  designs  also  meet 
the  IMCO  oil  outflow  limits. 

(c)  250-Bl:  This  design  incorporates  a B/15  double 

bottom  depth  with  sufficient  depth  increase  to  maintain  roqv . red 
cubic.  It  is  shown  in  drawing  No.  250B1-1. 

(d)  250-B 2:  This  design  includes  a double  bottom  of 

sufficient  dep>th  to  provide  a total  ship  segregated  ballast  dis- 
placement of  45%  of  full  load  displacement.  It  is  shown  in  drawing 
No.  250B2-1. 

(e)  250-C:  This  design  includes  a double  bottom  with 

a depth  of  B/15  plus  a double  side  skin  of  sufficient  width  to 
provide  segregated  ballast  capacity  necessary  for  a segregated 
ballast  displacement  of  60%  of  full  load  displacement.  It  is 
shown  in  drawing  No.  250C-1. 

(f)  250-0:  This  design  includes  double  sides  of 

sufficient  width  to  yield  a segregated  ballast  displacement  of  605 
of  full  load  displacement  without  a double  bottom.  It  is  shown  in 
drawing  No.  2500-1. 
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(g)  250-El:  This  design  represents  a single  skin 

conventional  tanker  with  requisite  depth  increase  needed  to  provide 
a segregated  ballast  displacement  of  45%  of  full  load  displacement. 

The  segregated  ballast  is  carried  in  alternate  wing  tanks.  It  is 
shown  in  drawing  No.  250E-1. 

(h)  250-E2:  This  design  has  the  same  features  as 

250-El,  but  provides  sufficient  ballast  to  enable  a segregated 
ballast  displacement  of  60%  of  full  load  displacement.  It  is 
shown  in  drawing  No.  250E2-1. 

(i)  250-F:  An  end  point  design  not  shown  in  Fig.  1 

was  considered  wherein  both  double  bottoms  and  double  skins  were 
provided  which  met  the  IMCO  damage  assumptions,  i.e.  B/15  for 
bottom  penetration  and  B/5  for  side. 

The  provision  of  B/15  and  B/5  double  bottom  and  skins  respectively 
requires  that  nearly  50%  of  the  cross-section  area  be  devoted  to 
segregated  ballast  or  void  spaces.  Retaining  the  design  approach 
of  only  varying  depth  to  regain  cargo  cubic  capacity  lost  to  ballast 
resulted  in  a design  with  an  abnormal  beam  to  depth  ratio  of  1.37. 

As  a consequence,  this  design  had  deficient  stability  characteristics. 
The  great  depth  needed  to  obtain  the  required  cubic  resulted  in  a 
cargo  center  of  gravity  so  high  there  were  only  about  2 feet  (0.61  m) 
of  GM  available  in  the  full  load  departure  condition.  This  compares 
to  over  20  feet  (6.1  m)  normally  found.  The  damage  stability 
standards  set  by  the  Loadline  Convention  could  not  possibly  be 
achieved.  Efforts  to  improve  the  stability  by  increasing  beam  and 
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reducing  depth  indicated  that  reasonable  stability  did  not  occur 
unless  the  design  length/beam  ratio  approached  5 which  is  lower 
than  what  is  presently  considered  good  practice.  For  this  reason 
this  version  was  dropped  from  further  detailed  consideration. 

2.  120  Series;  Two  ships  form  this  series.  With  the  exce2  . 
of  depth,  both  ships  possess  ident ical  dimensions,  displacement, 
hull  form,  accommodations  and  machinery  but  with  different  tank 
configurations  and  deadweights.  The  base  ship  (a)  is  similar  to 

an  existing  vessel  now  under  construction. 

(a)  120-A:  This  design  is  a single  skin  conventional 

tanker  of  about  120,000  L.T.  deadweight.  It  provides  a base  price 
for  evaluating  the  effect  of  changes  and  is  shown  on  drawing  No. 
120A-1 . 

(b)  120-C:  This  design  includes  a double  sicie  and 

double  bottom  with  a depth  of  B/15.  As  on  250-C  the  segregated 
ballast  displacement  was  maintained  at  b0%  of  full  load.  It  is 
shown  in  drawing  No.  120C-1. 

3.  ^00  Series:  Two  ships  form  this  series.  With  the  exception 

of  depth,  both  ships  possess  identical  dimensions,  displacement, 
hull  form,  accommodations  and  machinery  but  differing  tank  con- 
figurations and  deadweights.  The  base  ship  (a),  is  similar  to  a 
design  presently  under  construction. 

(a)  500-A:  This  design  represents  a nominal  500,000  DWT 

tanker.  A 477,000  DWT  ship  was  selected  as  a basis  and  modified 
to  meet  IMOO  oil  outflow  requirements  by  increasing  the  subdivision 
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and  including  a double  bottom  ir.  the  number  2 centerline  tank. 

It  is  shown  in  drawing  No.  500A-1. 

(b)  500-El:  This  design  is  similar  to  500-A  with 

the  exception  of  a segregated  ballast  capacity  suffi  ient  to  provide 
a ballasted  displacement  of  45%  of  full  load.  The  ballast  is 
located  in  wing  tanks  placed  intermittently  along  the  ship  side. 

B.  Design  Procedure 

This  study  has  been  conducted  by  a joint  working  group  in  consultation 
with  the  American  Bureau  of  Shipping.  To  meet  the  target  date  for 
the  Study  Report  to  be  considered  at  the  VIII  Session  of  the  Sub- 
committee on  Ship  Design  and  Equipment,  scheduled  for  June  12,  1972, 
the  work  effort  in  the  area  of  cost  estimating,  and  structural 
design  and  steel  weight  estimates  was  contracted  out  to  a U.  S.  firm 
of  naval  architects. 

The  prime  contractor,  working  together  with  the  American  Bureau  of 
Shipping,  completed  the  basic  design  studies  required  to  determine 
the  construction  costs  in  a representative  shipbuilding  center 
(Japan)  for  each  of  the  twelve  crude  oil  tanker  designs. 

The  preliminary  design  information  was  furnished  to  the  contractor 
and  the  American  Bureau  of  Shipping  for  each  of  the  tanker  config- 
urations. Based  on  that  information,  general  arrangement  plans, 
skeleton  midship  sections,  skeleton  bulkhead  scantling  plans  and 
cargo  oil  and  ballast  piping  diagrammatic  plans  were  developed  by 
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the  contractor.  The  American  Bureau  of  Shipping  reviewed  the 
structural  plans  and  found  the  scantlings  acceptable  for  the 
purposes  of  this  study. 

Based  upon  information  available  from  preceding  studies  it  was 
decided  that  there  were  three  major  areas  of  cost  differences. 

These  areas  were  identified  as  follows: 

1.  Hull  Steel 

2.  Tank  Coatings 

3.  Cargo  Oil  and  Ballast  Systems 

The  designs  were  developed  so  that  primary  attention  was  devoted 
to  these  major  areas  of  cost  difference. 

Consequently,  in  addition  to  midship  sections  and  detailed  bulkhead 
scantling  determinations,  diagrammatic  cargo  oil  and  ballast  pipin', 
drawings  were  prepared  and  the  total  area  on  each  design  receiving 
special  coatings  was  determined  by  means  of  tank  by  tank  area 
calculations  accounting  for  structure. 

Steel  weights  were  considered  to  be  the  single  most  important  aspect 
of  the  cost  differences  and  the  following  paragraphs  outline  the 
method  used  in  obtaining  this  estimate.  An  accurate  material  take- 
off was  made  for  each  of  the  designs  covering  longitudinal  and 
transverse  material  in  the  0.4L  amidships. 
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By  analysis  of  the  scantlings  on  a ship  of  similar  dimensions, 
which  had  actually  been  built,  the  extent  of  the  weight  reduction 
for  longitudinal  material  in  the  tank  space  outside  the  0.4L 
amidships,  due  to  the  taper  in  the  scantlings  and  the  effect  of 
hull  form,  was  approximated.  Likewise,  the  extent  of  the  weight 
reduction  of  transverse  material  (bulkheads  and  web  frames)  in  the 
tank  space  outside  the  0.4L  amidships,  due  to  the  effect  of  hull 
form,  was  determined. 

Available  scantling  plans  for  the  ship  which  was  used  as  the  basis 
tor  the  250-A  design  were  studied  in  detail  to  determine  the  weight 
relationships  between  plating  and  stiffeners  in  the  tank  space  out- 
side the  0.4L  amidships  with  corresponding  members  within  the  0.4L. 
Area  relationships  were  also  developed  for  structural  members  which 
taper  due  to  hull  form. 

Factors  for  the  inner  bottom  were  based  on  area  relationships 
determined  from  the  lines  plan  of  the  parent  design  for  the  250 

Series  with  inner  bottom  scantlings  assumed  to  remain  constant. 

# 

Factors  developed  for  the  250-A,  250-C  and  250-El  designs  were 
used  for  the  120  and  500  Series. 

The  end  weights  used  were  based  on  the  average  weight  per  foot  of 
depth  of  the  hull  previously  selected  for  the  conventional  designs. 
Machinery  weights  were  estimated  for  all  designs  and  no  major 
variations  occurred  as  a result  of  any  design  changes.  Outfit 
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weights  were  developed  for  the  base  ship  in  each  series  ana  weight 
differences  due  to  increased  depth,  increased  ballast  piping, 
pumps,  or  cargo  piping  were  considered  as  increments  to  the  base 
ship. 


C.  Design  Comparisons 

Tables  A-l  and  A-2  in  Appendix  A summarize  the  principal  characteristics 
of  the  twelve  designs,  provide  information  on  the  total  deadweight 
capacity,  cargo  cubic  capacity  and  ballast  capacity.  As  stated 
earlier  no  dimensions  within  a given  series  varied  with  the 
exception  of  depth.  For  the  45%  ballast  desi_gris_  dept  h increases 
of  about  13%  were  necessary  in  all  series.  As  segregated  ballast 
was  increased  to  the  60%  condition  depth  increase  doubled  to  about 
26%  deeper  than  the  base  case.  The  design  basis  requiring  sufficient 
cargo  cubic  to  carry  the  full  deadweight  of  oil  at  38°  A.P.I. 
gravity  was  achieved.  The  ballast  to  deadweight  ratios  fall  within 
narrow  bands  depending  on  the  required  segregated  ballast  displacement. 
This  finding  was  independent  of  deadweight  series.  The  base  ship 

ballast  capacity  ranged  from  16  to  20  percent  of  the  deadweight. 

# 

Ships  designed  for  45%  ballasted  displacement  had  ratios  about  40% 


with  56%  being  the  resultant  ratio  for  a 60%  segregated  ballast 


displacement.  250-B1  which  was  not  designed  for  a specified 
ballast  displacement  possesses  a ballast/deadweight  ratio  of  30% 
which  is  midway  between  the  base  cases  and  the  45%  designs. 
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Table  A-3  in  Appendix  A presents  the  weight  summary  developed  for 
each  design.  Due  to  the  time  restriction  imposed  in  preparing  this 
study  it  was  not  possible  to  optimize  the  structure  on  each  design 
and  the  resultant  weights  may  not  represent  minimum  weight  designs. 
The  steel  weight  to  displacement  ratio  is  about  .11  for  all  three 
base  ships.  The  highest  ratios  are  for  120-C  at  .17  and  250-C  at 
.15.  The  increases,  in  general,  followed  closely  the  variation  in 
depth  and  structural  complexity.  The  steel  weight  fraction  of  the 
total  light  ship  weight  ranges  from  .81  for  120-A  to  .88  for  500  El. 
The  trend  for  this  fraction  increases  with  deadweight,  and  for  a 
given  deadweight  increases  slightly  over  the  base  ship  as  the 
ballast  capacity  increased  or  structural  complexities  such  as 
double  bottoms  or  double  sides  are  added.  Since  depth  was  increased 
on  all  variations  of  the  base  ship  it  is  not  surprising  to  find 
that  the  percentage  of  ordinary  strength  steel  also  increases  for 
all  modifications  of  the  base  ship.  The  percentage  increases  range 
from  5%  on  500-El  to  32%  on  120-C.  For  250-C  the  percentage  increase 
in  ordinary  strength  steel  was  29%.  This  trend  can  be  explained  by 

noting  that  the  length/depth  ratio  of  the  120-A  and  250-A  are  12.5 

« 

md  12.9  respectively,  whereas  this  ratio  on  500-A  is  10.0.  In 
general  the  lower  the  L/D  ratio  becomes  the  more  efficiently 
longitudinal  material  can  be  used.  Hence  the  variations  of  120-A 
and  250-A  resulted  in  deeper  ships  permitting  greater  application 
of  ordinary  strength  steel. 
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The  benefits  due  to  increased  depth  are  not  without  limit.  For 
length/depth  ratios  less  than  10.0  very  little  additional  credit 
is  permitted,  hence,  there  is  a rather  small  increase  in  the 
percentage  of  ordinary  strength  steel  on  design  500-El.  The 
percentage  increase  in  ordinary  steel  grows  at  a faster  rate  than 
the  percentage  increase  in  depth  when  double  bottoms  are  fitted 
hut  at  a slower  rate  when  no  double  bottoms  are  used. 

The  outfit  weights  for  all  designs  fall  in  a narrow  range  between 
.08  and  .11  of  the  total  light  ship  weights  with  the  lower  values 
occurring  on  the  deeper  ships  which  experienced  appreciable 
increases  in  steel  weight. 

The  longitudinal  strength  studies  performed  for  three  load  condii 
showed  that  all  designs  in  each  series  required  the  same  section 
modulus.  The  highest  bending  moments  are  summarized  in  Table  A '• 
of  Appendix  A. 

As  a result  of  the  stability  problems  encountered  on  the  aborted 
version  250-F,  the  damage  stability  on  selected  other  designs  wi 
examined.  On  the  basis  of  the  worst  damage  condition,  namely 
damage  to  two  adjacent  wing  or  double  bottom  ballast  tanks,  if 
possible,  and  penetration  to  interior  ballast  tanks  as  on  design 
2 50 -C , the  base  ship,  250-A,  possesses  the  greatest  margin  of  an 
over  that  which  is  required.  Although  margins  are  less  for  the 
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deeper  ships  they  all  complied  with  the  damage  stability  re'  uirements 
of  the  Loadline  Convention.  Table  A-5  in  Appendix  A summarizes 
the  results  of  the  stability  calculations. 

As  noted  in  the  design  bases  all  designs  were  required  to  comply 
with  the  proposed  IMGO  oil  outflow  regulations.  It  was  for  this 
reason  that  a 250-A  IMCO  design  was  developed.  The  parent  250 
did  not  meet  the  outflow  requirements  either  for  collision  or 
stranding,  but  relatively  minor  modifications  to  the  arrangement 
assured  compliance.  The  outflows  based  on  the  IMCO  criteria  are 
presented  and  discussed  in  Section  V.  Design  250-El  failed  to  meet 
the  requirements.  However,  by  moving  the  forward  bulkhead  of 
number  2 ballast  tank  forward  two  frame  spaces,  the  number  3 
centerline  cargo  tank  bulkhead  forward  3 frame  spaces,  and  the 
forward  bulkhead  of  number  3 ballast  tank  aft  two  frames,  the 
outflow  meets  IMCO  requirements.  This  approach  does  not  change 
the  number  of  tanks,  the  total  ballast  or  the  cargo  capacity. 

Figure  2 shows  the  arrangement  of  the  revised  version  which  meets 

IMCO  outflow.  Since  this  rearrangement  should  result  in  little  or 

t 

no  change  in  cost  the  economic  studies  are  valid. 

The  areas  which  require  special  coating  are  provided  in  Table 
A-6  of  Appendix  A. 
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25Q-E1  - Alt.  1 


CHANGES; 

Wing  tank  bulkhead  moved  from  608.8'  to  643.3'  Aft.  FP 
Wing  bulkhead  moved  from  401.58'  to  367.06'  Aft.  FP 
Bulkhead  moved  from  401.58'  to  349.8'  Aft.  FP 
Bulkhead  at  280.86'  Aft.  FP  deleted 


Bulkhead  added  at  194.56'  Aft.  FP 
REASON  FOR  MOVE: 


Os  exceeded  IMCO  (was  32,673  m3) 
RESULTANT  IHOO  OUTFLOWS  : 

Os  = 29,518  m3  (tanks  4c,  5c,  4w) 
Oc  = 21,290  m3  (tank  3w) 

EFFECT  ON  TRIM: 


Condition 

Full 

60*  Ball 
45*  Ball 


Old  Trim 
1.60'  A 
8.59'  A 
3.02'  A 


Alt.  1 
1.36 'A 
0.93'A 
4.96 'A 


EFFECT  ON  STRENGTH: 


BENEFICIAL 


rK”—JL50~.  1 Aut  i 

j f .mm  1 1 on 


OA»f 

\ -2C4  - 7 C j 

1 \ 

Fig.  2 Alterations  To  Design  Type  250-B1 
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Changes  to  the  base  ship  resulted  in  changes  to  the  piping  system. 
Increasing  the  number  of  tanks  modified  the  piping  system  accordingly. 
Increases  to  the  amount  of  segregated  ballast  carried  required  an 
increase  in  ballast  piping  and  an  increase  in  ballast  pumping 
capacity.  A duplicate  pump  and  ballast  mains  were  added  for  the 
ships  with  segregated  ballast  of  45%  or  more. 

In  the  double  bottom  ship  versions,  in  order  to  minimize  the  possi- 
bility of  cargo  oil  leakage  into  the  pipe  tunnel,  the  piping  was 
changed  to  welded  steel  without  flanges  and  with  expansion  loops 
rather  than  flexible  couplings.  The  double  bottom  designs  permit 
a significant  reduction  in  the  number  of  bellmouths  and  piping 
due  to  the  sumps  common  to  double  bottom  designs. 

No  attempt  was  made  to  optimize  piping  on  any  single  ship  but 
simply  retain  systems  developed  for  the  actual  designs  which  were 
intended  to  be  quite  flexible.  The  diagrammatic  piping  drawings 
for  all  versions  are  shown  in  the  plans  section,  Appendix  C. 

* 
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SECTION  III.  CONSTRUCTION  POST 


A.  General 

Using  data  from  Japanese  sources  as  representative,  the  prices  for 
each  of  the  twelve  designs  as  developed  in  this  study  were  estimated 
A summary  of  the  ship  prices  and  differentials  is  included  in 
Table  A-7  of  Appendix  A.  These  figures  represent  the  shipyard 
selling  prices. 

The  prices  for  ships  which  represent  departures  from  conventional 
designs  have  been  established  on  the  basis  of  estimating  the  cost 
of  differences  in  material  and  labor  requirements  and  other  direct 
and  indirect  costs.  Estimating  factors  were  used  which  make 
adjustments  for  added  complications  in  construction  practices  as 
compared  with  the  conventional  designs.  No  additional  price  premium 
has  been  added  to  offset  the  resistance  which  might  be  encountered 
by  an  owner  in  attempting  to  contract  for  the  construction  of  a 
complicated  design  at  a time  when  shipyards  expect  that  orders  for 
conventional  types  may  continue  to  be  obtained  in  reasonable 
quant ity . 

The  cost  estimates  are  based  on  the  premises  that  shipyard  experience 
and  facilities  are  adequate  to  build  any  of  these  designs,  that 
pricing  of  all  designs  are  suitably  related  to  make  a contract  for 
any  one  of  them  equally  attractive  to  the  shipyard  and  that  owners 
will  no  longer  be  restricted  to  only  the  conventional  design  but 
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may  choose  one  or  more  of  the  unconventional  designs  for  quantity 
orders  in  the  future. 

Although  primary  attention  was  devoted  to  the  major  areas  of  cost 
differences  noted  previously  other  items  such  as  the  ballast  pump, 
anchors  and  chain,  hatches,  manholes  and  gratings,  and  vertical 
inclined  ladders  were  compared  and  priced.  Pricing  of  hull  steel 
required  a major  effort  in  estimating  steel  weights  and  the  details 
are  given  below.  Tank  coatings  were  priced  on  calculated  areas. 

Due  to  the  wide  variations  in  arrangement  and  number  of  cargo  oil 
and  ballast  tanks,  piping  system  costs  were  based  on  detailed 
estimates  using  each  of  the  diagrammatic  plans. 

B.  Pricing  of  Hull  Steel 

Steel  weights  for  each  design  were  broken  down  into  mild  steel  and 
higher  strength  steel  (ABS  36)  . Longitudinal  higher  strength  steel 
grades  within  the  four  tenths  length  amidship  was  assumed  to  be  a 
30/50  mixture  of  AH  and  DH  grades.  Longitudinal  higher  strength 
steel  outside  the  four  tenths  length  was  assumed  to  be  all  of  AH 
grade.  All  material  forward  of  the  forepeak  bulkhead  and  aft  of 
the  machinery  space  bulkhead  was  assumed  to  be  mild  steel  with  a 
mixture  of  60%  plate  material  and  40%  shapes.  Unit  prices  per  ton 
were  determined  for  each  of  the  materials  involved  as  well  as  for 
welding  rod.  These  were  adjusted  by  a percentage  factor  to  cover 
the  shipya. d scrap  allowance  and  rolling  tolerances. 


Values  of  labor  man  hours  per  ton  of  mild  steel  for  the  conventional 
designs  obtained  from  various  sources  within  the  representative 
shipbuilding  country  were  found  to  be  generally  consistent.  Guidance 
was  obtained  in  determining  the  man  hours  required  for  higher 
strength  steel  construction  and  in  establishing  estimating  factors 
for  labor  man  hours  for  each  of  the  design  variations  based  on 
careful  study  of  the  individual  configurations  and  the  related 
construction  complications.  Current  wage  and  charge  rates  were 
investigated  as  well  as  escalation  values  which  might  be  anticipated 
for  the  1974  delivery  period. 

An  allowance  was  added  to  the  total  of  the  material  and  labor  costs 
to  cover  general  expense,  management  expense,  profit,  market  allowance, 
etc.,  in  order  to  give  a selling  price  level  which  is  representative 
of  the  current  shipbuilding  market  situation. 

C.  Pricing  of  Other  Differences 

As  noted  above  the  added  cost  of  special  tank  coatings  were  computed 

on  an  area  basis  as  were  the  exterior  paint  requirements  resulting 

from  increased  hull  depth.  Exterior  paint  areas  were  calculated  by 

multiplying  the  added  depth  by  the  longitudinal  girth  of  the  hull 

at  the  deck  level.  The  prices  of  cargo  oil,  ballast  and  stripping 

systems  were  based  on  detailed  estimates  using  each  of  the 
> 

diagrammatic  plans  by  identifying  material,  quantity,  size  and 
weight  of  piping,  valves  and  fittings.  The  piping  systems  were 
priced  on  a weight  basis  with  unit  prices  applied  to  the  net 
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weights  of: 

Piping  and  flanges 

Valves 

Fittings 

Labor  man  hours  were  also  calculated  on  a weight  basis.  Piping 
system  price  differences  are  entered  in  Table  A-7. 

Due  to  the  amount  of  money  involved,  the  prices  of  the  additional 
ballast  pumps  required  for  certain  of  the  designs  have  been  entered 
as  a separate  item  on  Table  A-7. 

Other  items  of  minor  significance  which  were  considered  include 
the  following: 

1.  Anchors  and  Chains  - price  differences  based  on  weight 
differences . 

2.  Hatches,  Manholes  and  Split  Gratings  - price  differences 
based  on  detailed  quantity  take-offs. 

3.  Vertical  and  Inclined  Ladders  - price  differences  based 
on  lengths. 

These  price  differences  are  all  summarized  in  Tatle  A-7. 

D.  Price  Comparison 

Analysis  of  the  price  information  provided  in  Table  A-7  of  Apperdix  A 
confirmed  the  early  indication  that  the  cost  of  steel,  coatings  and 
paint,  and  cargo  oil  stripping  and  ballast  piping  would  be  the 
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primary  areas  of  price  difference.  In  fact,  with  the  exception 
of  250-A  IMCO , steel  and  coating  price  differentials  accounted  for 
at  least  85%  of  the  total  differential  and  usually  over  90%. 

Even  2 50 -A  IMCO  had  79%  of  its  cost  differential  in  these  two 
categories.  It  was  held  at  that  lower  value  because  of  the 
relatively  minor  design  changes  consisting  of  additional  transverse 
bulkheads  which  did  not  increase  steel  weight  and  cost  at  a rate 
greatly  different  from  the  increase  in  piping  required  for  the 
additional  tanks.  Considering  only  those  ships  with  increased 
segregated  ballast  capacity  or  some  type  of  double  skin,  it  can  be 
seen  that  the  steel  cost  increment  alone  is  always  more  than  50% 
of  the  total  increment  and  with  the  exception  of  250-El  exceeds 
70%  for  all  other  cases.  The  reason  why  250-El  exhibited  a lower 
steel  cost  increment  can  be  attributed  to  the  following; 

1.  The  length/depth  ratio  was  high  enough  that  more  efficient, 
use  of  steel  was  possible  with  a depth  increase,  thereby  permitting 
greater  use  of  ordinary  strength  steel. 

2.  The  tank  arrangement  and  number  remained  relatively  low 

resulting  in  smaller  increases  in  transverse  steel  structure  than 

* 

on  other  designs. 

3.  At  the  same  time  steel  cost  increments  were  limited, 
coating  and  piping  costs  were  rising  at  a more  rapid  rate  due 
to  increased  ballast  capacity. 
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In  contrast  to  a 4.2%  cost  increase  for  250-El,  500-El  exhibited 
a 9%  increase  in  construction  cost.  This  can  be  attributed  to 
the  proportions  of  the  base  500  design  previously  mentioned, 

I 

which  did  not  lend  themselves  to  improved  structural  efficiency 
when  depth  was  increased.  In  fact  there  was  little  reduction 
in  the  total  amount  of  high  strength  steel  used  and  an  18%  increase 
in  total  steel  compared  to  less  than  7%  on  250-El. 

Attempts  to  draw  conclusions  based  on  small  differences  in  incremental 
costs  should  be  done  with  caution.  This  is  due  to  the  fact, 
mentioned  earlier,  that  none  of  the  designs  have  been  optimized 
with  regard  to  structural  design  or  any  other  area  of  cost  difference. 
Thus  one  version  may  be  a very  good  design  compared  to  another 
although  both  are  feasible  and  useful  for  general  comparisons. 

For  the  250  series  ships  which  were  modified,  excepting  250-A  IMCO, 
incremental  coating  costs  ranged  from  11%  to  31%  of  the  total  cost 
differential . 

The  importance  of  cargo  oil  stripping  and  ballast  piping  changes 

f 

was  variable.  Due  to  the  elimination  of  numerous  bellmouths  and 
general  simplification  of  piping  arrangement  in  the  double  bottom 
designs,  there  was  little  cost  change  due  to  double  bottoms. 

250-Bl  actually  resulted  in  a cost  decrease  even  though  welded 
piping  with  expansion  loops  was  required.  Increases  in  the  number 
of  tanks  and  total  ballast  capacity  had  a more  significant  effect 
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on  price  change,  but  still  considerably  less  significant  than  tank 
coatings  which  were  several  times  less  important  than  stnei . 

All  the  other  items  combined  represented  less  than  5%  of  the  total 
cost  differential  for  each  design.  This  confirmed  the  validity 
of  the  decision  to  concentrate  efforts  on  steel,  coatings  and 
piping  systems. 


SECTION  IV  ECONOMIC  ANALYSIS 


A.  Basic  Approach 

Economic  analyses  have  been  made  for  each  of  the  ship  designs  to 
show  the  relative  effect  of  the  basic  design  changes  on  the  marine 
transportation  costs.  Possible  shore  cost  differentials  have  not 
been  considered.  The  measure  of  marine  transportation  costs  used 
is  the  required  freight  rate  (RFR)  which  accounts  for  amortization 
of  capital  as  well  as  operating  costs. 

RFR  values  have  been  calculated  for  two  voyage  lengths: 

. A long  voyage  of  22,000  n.m.  round  trip  is  taken  as 
typical  of  the  longest  normal  crude  tanker  voyages. 

. A short  voyage  of  5,000  n.m.  round  trip  has  been  taken* 
as  typical  of  the  shortest  voyages  normally  made  by 
large  crude  carriers. 

The  calculations  reflect  typical  cost  parameters  which  may  be  expected 
during  the  1970’s  under  non-U.  S.  conditions.  Since  they  do  not 
reflect  a specific  flag,  trade,  or  date,  however,  these  results 
should  be  viewed  principally  in  relation  to  each  other  rather  than 
as  absolute  values.  Sufficient  information  is  presented,  however, 
so  that  calculations  for  variations  in  individual  parameters  may  be 
made . 


B.  Base  Ship  Economics 

The  principal  economic  bases  are  given  in  Table  1,  and  principal 
operating  parameters  are  given  in  Table  2.  Table  3 shows  a percem 
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breakdown  of  economics  for  each  of  the  three  base  case  ship  (120-A, 
250-A  IMCO , 500- A) , each  in  a long  and  short  voyage  in  a zero  tax 
environment  while  Table  4 presents  similar  data  with  a 50%  tax. 
Further  details  of  the  economic  analysis  are  provided  in  Appendix  B. 

These  relative  economics  for  the  base  case  ships  have  been  presented 
prior  to  a discussion  of  the  economics  of  design  changes  under  study 
in  order  that  the  basic  makeup  of  large  tanker  economics  may  be 
properly  understood.  This  understanding  may  be  further  facilitated 
by  taking  note  that  for  both  long  and  short  voyages  the  various 
parameters  show  the  following  trends. 

. Capital  costs  are  the  largest  component  of  RFR  being  in 
the  range  of  46  to  58%  with  no  tax,  and  57  to  68%  with 
50%  tax. 

. Insurance  and  fuel  costs,  as  well  as  port  charges  in  the 
short  voyage,  are  next  most  important. 

. Components  having  a lesser  impact  on  RFR  are  manning, 
provision/stores,  repairs,  and  miscellaneous. 

. All  large  tankers  have  a high  number  of  operating  days  per 

* 

year,  a very  high  percentage  of  which  are  spent  at  sea. 

As  noted  in  Section  II  of  this  paper,  the  three  base  ships  ( 120-A , 
250  IMCO,  and  500-A)  are  not  a part  of  a common  series  or  common 
specification  base  and  therefore  comparisons  should  not  be  made 
from  these  data  in  regard  to  the  trend  of  economies  with  scale. 
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TABLE  1 Principal  Economic  Bases 


Cost  of  Capital 
Ship  Life 
Scrap  Value 
Tax  Rate 


Crew  Cost 

Provisions  and  Stores 


Fuel  Price 

Maintenance  & Repair 


Insurance  and 
Port  Charges 


10% 

20  years 
10% 

0%  and  50%  (for  50%  tax  rate, 
double  declining  balance 
depreciation  is  used) 

$350 ,000  per  year 
$150,000  per  year  - 120  series 
$175,000  per  year  - 250  series 
$225,000  per  year  - 500  series 
$23  per  ton 

$200,000  per  year  - 120  series 
$250,000  per  year  - 250  series 
$300,000  per  year  - 500  series 


See  Appendix  B 
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TABLE  5 (continued)  Required  Freight  Rate  - Long  Voyage  (250KDWT  Case) 
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TABLE  7 Percent  Change  Xn  Required  Freight  Rate  For  Design  Changes 

- Zero  Tax 


120MDOT  Series 


* Increase  in  * Increase  in  RFR 

— Investment  Long  Voyage  Short  Voyage 


1)  Increase  Segregated  Ballast 

capacity  to  60*,  add  Double  Skin 

(Base  to  120-C) 

25QMDWT  Series 

1)  Increase  Segregated  Ballast 
capacity  to  45* 

(Base  to  250-El) 

2)  Increase  Segregated  Ballast 
capacity  to  60* 

(Base  to  250-B2) 

3)  Increase  Segregated  Ballast 
capacity  to  40*,  add  Double  Bottom 

(Base  to  250-B1) 

4)  Increase  Segregated  Ballast 
capacity  to  45*,  add  Double  Bottom 

(Base  to  250-B2) 

5)  Increase  Segregated  Ballast 
capacity  to  60*,  Add  Double  Sides 

(Base  to  250-D) 

6)  Increase  Segregated  Ballast 
capacity  to  60*,  Add  Double  Skin 

(Base  to  250-C) 

500HDWT  Series 

1)  Increase  Segregated  Ballast 
capacity  to  45* 

(Base  to  S00-B1) 


22.9  20.4  21.1 


4.2  4.1  5.1 

9.®  9.9  11.6 

6.4  5.9  6.2 

*.7  8.2  8.8 

10.9  10.7  12.4 

17.5  16.5  17.8 

9.0  8.3  9.2 
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of  design  features  upon  both  operations  and  pollution  considerations 
is  contained  in  Section  V of  this  report,  the  importance  of  these 
factors  to  the  economics  in  Tables  5 and  6 is  as  shown  in  Appendix  B. 

D.  Sensitivities 

In  order  to  investigate  the  importance  of  various  economic  and 
operating  factors  to  the  principal  economic  results  just  presented, 
sensitivity  calculations  have  been  made  giving  results  as  indicated 
below: 

. Construction  Cost 

For  an  assumed  increase  or  decrease  in  investment  differential 
between  the  case  under  study  and  its  respective  base  case  of 
? 25%,  the  change  in  RFR  will  be  as  indicated  in  Table  8. 

As  would  be  expected  the  percent  RFR  value  changes  almost 
directly  in  proportion  to  the  change  in  investment 
differential  for  each  case. 

. Deadweight  Differential 

For  a t 25%  change  in  the  deadweight  differential  between 
case  250-C  and  base  (11,482  tons  which  i%  the  largest 
deadweight  differential)  the  percent  RFR  change  is  only 
3.24%.  From  this  example  it  can  be  seen  that  the  estimated 
deadweight  differentials  are  not  highly  significant  to  the 
percent  RFR  values. 
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TABLE  8 


Sensitivity  of  RPR  Differential  To  Investaent  Differential 
- Long  Voyage,  Zero  Tax 


RPR  DIFFERENTIAL 


For  Original 
Invest.  Diff. 

For  Original 
Invest.  Diff.  -25% 

For 

Invest 

Original 
. Diff.  *25% 

120MDWT 

Base  to 

120 -C 

20.3 

18.0 

22.7 

250MDWT 

Base  to 

250-B1 

5.9 

5.1 

6.7 

Base  to 

250-B2 

8.2 

7.0 

9.4 

Base  to 

250 -C 

16.5 

14.8 

18.2 

Base  to 

250-D 

10.7 

9.1 

12.3 

Base  to 

250-El 

4.1 

3.5 

4.7 

Base  to 

250-E2 

9.9 

6.1 

13.7 

SOOMDWT 

Base  to 

500-E2 

8.3 

5.1 

11.5 
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. Port  Days 


If  the  turn  around  time  of  any  design  change  compared  to 
base  is  changed  by  four  hours  rather  than  two  hours  the 
percent  reduction  in  RFR  is  only  -0.2%  in  the  long  voyage, 
and  -0.b%  in  the  short  voyage  (example  25C-B2  vs.  250-A 
IMCO) . It  should  be  apparent  that  it  would  take  an 
exceedingly  short  voyage  for  this  to  be  a factor  of 
particular  economic  significance.  Were  this  frequently 
to  be  the  case,  then  sound  economic  grounds  would  exist 
for  decreasing  this  port  turn  around  differential  in  any 
case  so  that  the  basic  RFR  values  are  relatively  insensitive 
to  this  factor. 

. Operating  Days 

For  a change  of  * 3 days  per  year  in  operating  days  between 
any  given  case  and  its  base  (a  0.9%  change)  the  percent 
change  in  RFR  will  be  * 0.6%  (example  250-C  vs.  250-A  IMCO). 
It  will  be  seen  that  this  is  an  economic  factor  of  some 
significance  but  it  must  be  also  assumed  that  means  could 
be  found  to  minimize  the  differenie  in  operating  days 
between  the  various  tanker  types.  An  exception  to  this 
could  be  the  case  wherein  single  bottom  tankers  in  certain 
trades  may  require  tmro  to  three  days  longer  than  double 
bottom  tankers  for  sludge  removal- prior  to  drydocking  every 
18  to  24  months.  In  trades  where  single  bottom  tankers 
incur  this  penalty  it  might  be  on  the  order  of  1%  days  per 
year  on  average  and  change  the  RFR  values  by  about  0.3%. 
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. Manning.  Provisions/Stores  and  Repairs 

A change  to  any  one  of  these  parameters  compared  to  base 
of  t 25%  will  only  change  the  percent  RFR  over  base  by 
? 1.1%.  It  can  be  seen  that  these  estimates  are  not 
crucial  to  the  principal  findings. 

. Insurance 

A - 25%  change  in  level  of  insurance  for  all  cases  would 
result  in  a - 1.2%  change  to  the  RFR  differential  between 
250-C  vs.  250-A  IMCO.  This  example  shows  that  while 
insurance  is  a significant  economic  parameter  its  actual 
level  is  not  crucial  to  the  principal  results.  However, 
if  the  assumed  method  of  assessing  insurance  is  changed 
to  reflect  direct  proportionality  to  capital  investment 
(for  reasons  explained  in  Appendix  B) , it  would  have  a 
significant  effect  on  the  RFR.  For  example,  the  effect 
on  the  largest  RFR  differential  (250-C  vs.  250-A  IMCO) 
would  be  15%. 

. Fuel  Cost 

A * 50%  change  of  unit  cost  of  fuel  will  have  a 1 3.7% 
effect  on  the  largest  RFR  differential  (250-C  vs.  250-A 
IMCO).  This  shows  that  the  ^evel_  of  fuel  cost  while 
important  to  overall  economics  is  not  significant  to  the 
principal  results. 
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A t 50%  change  in  the  level  of  port  charges  in  the  short 
voyage  will  only  have  a * 11.1%  change  on  the  RFR  difference 
between  250-C  and  250-A  IMCO  indicating  that  port  charges 
are  not  significant  to  the  principal  results. 

Tax 

As  already  shown,  the  effect  of  tax  level,  while  significant 
to  absolute  values  of  RFR,  has  almost  no  effect  upon  the 
principal  results  of  RFR  dif ferentials . 


K.  Economics  of  Ballast  Level 

Under  the  discussion  of  technical  data  in  Section  II  it  was  noted 
that  the  study  has  several  cases  of  similar  ship  types  but  at 
differing  ballast  levels  in  a range  covering  segregated  ballast 
capability  for  ballast  displacement  at  either  45  or  60%  of  the  full 
load  displacement.  It  was  further  noted  that  this  range  was  selected 
since  the  amount  of  ballast  actually  needed  throughout  an  entire 
ballast  voyage  will  vary  acco  ling  to  many  parameters  having 
principally  to  do  with  the  severity  of  weather  j»hich  the  tanker  may 
encounter . 

In  order  to  understand  the  influence  of  minimum  necessary  ballast 
for  an  entire  ballasted  leg  upon  marine  transportation  cost,  the 
RFR  values  for  the  long  voyage  for  all  cases  have  been  plotted  in 
Figure  3,  as  a function  of  ballast  displacement. 
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1 1 i.s  apparent  iroro  a coropur  ison  of  250*A  IMCO , 2 50~E1  and  2tjOF,E2 
that  the  amount  of  ballast  actually  required  has  a very  significant 
effect  on  the  increase  in  RFR  for  segregated  ballast  designs. 

From  limited  data  kept  by  various  large  tanker  operators  the  following 
tentative  trends  in  regard  to  ballast  level  may  be  postulated: 

. The  lightest  ballast  displacement  actually  used  at  sea 
m large  tankers  appears  to  be  on  the  order  of  45%. 

. The  heaviest  ballast  level  used  at  sea  in  large  tankers 
at  times  exceeds  60%. 

. In  a very  high  percentage  of  voyages  from  Europe  to  the 
Persian  Gulf  the  heaviest  ballast  displacement  in  large 
tankers  is  55%  or  greater. 

. The  reason  for  ballast  displacement  usually  exceeding  the 
minimum  level  at  times  used  at  sea  may  be  apparent  from 
Figure  4 showing  areas  with  a high  likelihood  of  encountering 
bad  weather  on  a Europe  to  Persian  Gulf  voyage.  Since  this 
route  includes  both  northern  and  southern  hemispheres  there 
is  winter  element  to  every  voyage  thereby  accounting  for 
the  likelihood  of  having  to  use  heavy *ballast  in  every 
voyage . 

To  account  for  the  impact  of  the  above  factors  upon  economics  two 
basic  types  of  assumption  are  possible:  \ 

1.  For  the  cases  under  study  to  be  taken  as  representative  of 
wholly  segregated  ballast  tankers,  RFR  values  equivalent  to  a 
ballast  displacement  not  less  than  55%  of  load  displacement  should 
be  used. 
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2.  Alternatively,  and  particularly  for  large  tankers  which 
may  trade  in  shorter  voyages  or  areas  of  primarily  good  weather, 


I 

an  RFR  value  appropriate  to  a ballast  displacement  4S%  of  full 
load  might  be  selected.  In  this  case  if  the  vessel  were  to  need 
additional  ballast  because  of  weather  it  may  be  assumed  that  this 
ballast  can  be  placed  in  one  of  the  tanks  routinely  cleaned  to 
avoid  sludge  buildup  and  therefore  be  acceptable  for  discharge 
at  the  loading  port.  If  operating  experience  indicates  that 
large  tankers  with  double  bottoms  do  not  need  to  wash  cargo  only 
tanks  to  prevent  sludge  buildup  or  for  voyage  repairs  as  is  assumed 
in  this  study,  they  would  nevertheless  have  to  wash  one  or  more 
tanks  specifically  for  the  purpose  of  providing  clean  ballast  capacity. 


SECTION  V.  DEGREE  OF  EFFECTIVENESS  FOR  POLLUTION  ABATEMENT 


Under  this  category,  each  of  the  design  changes  must  be  studied 
from  two  principal  points  of  view: 

1.  Pollution  effectiveness  for  operational  discharges. 

2.  Pollution  effectiveness  for  accidental  discharges. 

Subsections  A and  B below  consider  these  two  areas  on  an  inniviaual 
ship  basis.  Subsection  C presents  a possible  methodology  for 
combining  both  factors  on  the  basis  of  total  number  of  ships. 

A.  Pollution  Effectiveness  For  Operational  Discharges 
Considering  the  mitigation  of  operational  pollution,  ships  of  the 
type  studied  here  should  show  an  improvement  over  base  case  ships 
for  two  principal  reasons: 

. In  a ship  with  sufficient  segregated  ballast  capacity  to 
permit  operation  in  ballast  condition  with  segregated 
ballast  only  in  all  weather  conditions  there  would  no 
longer  be  any  need  to  carry  ballast  in  tanks  that  had 
previously  contained  oil.  This  would  eliminate  two 
sources  of  pollution  which  now  exist  for  the  base  ships. 
First,  it  would  no  longer  be  necessary  to  place  ballast 
in  uncleaned  cargo  tanks  to  permit  departure  from  the 
cargo  discharge  port.  Second,  it  would  no  longer  be 
necessary  to  wash  cargo  tanks  to  hold  ballast  which  is 
clean  enough  to  be  discharged  in  the  cargo  loading  port. 
Ships  such  as  the  45*  segregated  ballast  cases  investigated 
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in  this  study  will  still  almost  certainly,  on  occasion, 
have  to  load  ballast  in  cargo  tanks  to  achieve  an 
acceptable  ballast  operation  condition.  For  these 
ships,  pollution  from  these  two  sources  will  be  reduced, 
but  not  eliminated. 

. Those  features  of  each  design  which  decrease  the  amount 
of  tank  washing  should  also  cause  a reduction  in 
operational  pollution.  In  this  regard,  however,  even 
with  segregated  ballast  tankers,  it  will  periodically 
be  necessary  to  clean  those  tanks  that  are  used  to  carry 
only  cargo  in  order  to  remove  sludge  buildup  and  to  prepare 
the  vessel  for  drydocking  inspection  and  repairs.  It  has 
been  further  assumed  that  in  designs  where  the  presence  of 
a double  bottom  yields  a smooth  tank  bottom,  the  sludge 
buildup  will  be  effectively  mitigated  so  that  the  need 
to  wash  tanks  occurs  only  when  the  vessel  is  being  prepared 
for  her  drydocking  and  overhaul  period.  This  assumption 
places  the  double  bottom  in  a favorable  position  as  compared 
to  the  single  bottom  with  regards  to  operational  pollution. 
Further  operating  data  for  large  tankers  with  double 
bottoms  are  needed  to  establish  the  validity  of  this 
assumpt ion . 

Operational  discharge  for  the  base  case  ships  is  being  investigated 
in  detail  by  the  United  Kingdom  in  Study  No.  III.  However,  for  the 
purposes  of  this  study,  operational  discharge  for  the  base  case 
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ships  and  all  others,  has  been  estimated  using  the  following 
assumptions  (for  the  first  two  items  mean  values  are  used  in 
calculations  for  Table  9) : 

. Dirty  ballast  water  contains  30-100  ppm  of  oil. 

. Sludge  tank  effluent  contains  300-1000  ppm  of  oil. 

. Oil  content  in  ballast  water  from  cargo  tanks  that  nave 
been  washed  is  less  than  10  ppm. 

. In  discharging  dirty  ballast,  90%  goes  directly  overboard 
at  30-100  ppm.  The  remaining  10%  is  sent  to  the  sludge 
tanks  for  decanting. 


For  operational  discharges  from  tank  cleaning  operations,  two 
possible  cleaning  methods  have  been  considered: 

1.  The  cleaning  is  accomplished  without  recycling  the  wash 
water  and  without  high  capacity  tank  cleaning  machines. 

2.  The  cleaning  is  accomplished  with  recycled  wash  water 
and  with  high  capacity  machines.  (Operational  discharge  will  be 
reduced  from  case  1 because  the  amount  of  wash  water  is  reduced.) 


Single  bottom  and  double  bottom  ships  must  be  considered  separately. 
All  single  bottom  ships  are  assumed  to  have  to  wash  each  tank  every 
fourth  voyage  to  prevent  excess  sludge  buildup.  On  the  other  hand, 
double  bottom  ships  are  assumed  to  clean  tanks  for  sludge  buildup 
only  once  every  eighteen  months.  Also,  because  of  the  ease  in 
cleaning  a smooth  bottom  tank  the  amount  of  wash  water  in  the  non- 
recycling cases  is  assumed  to  be  reduced  by  2/3  for  the  double 
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bottom  ships.  The  validity  of  both  of  these  assumptions  must  be 
evaluated  as  further  data  become  available. 

Estimates  using  these  bases  are  presented  in  Table  9 showing 
operational  discharges  per  voyage  for  each  design  in  cubic  meters 
at  two  ballast  displacement  levels. 

The  following  points  should  be  noted: 

. At  45%  ballast  displacement,  the  base  ships  (120-A,  250-A 
IMCO,  500-A)  should  be  able  to  meet  the  requirement  that 
maximum  operational  discharge  per  voyage  be  less  than 
1/15000  of  deadweight  using  tank  cleaning  method  No.  1 
which  represents  the  procedure  now  typical  of  the  Load- 
On-Top  method.  At  60%  ballast  displacement,  the  discharge 
from  the  base  ships  is  just  over  the  1/15000  requirement. 

If  Study  III  indicates  that  the  base  ships  can  significantly 
improve  on  the  data  presented  here,  the  relative  significance 
of  the  various  design  features  considered  in  this  report 
would  be  directly  reduced.  Conversely,  if  Study  HI 
indicates  poorer  performance  for  the  base  ships  the  value 
of  these  features  is  increased.  It  should  be  noted  that 
for  even  the  base  case  ship  a significant  reduction  in 
operational  pollution  should  result  from  use  of  the  improved 
procedures  represented  by  tank  cleaning  method  2.  Obviously, 
these  techniques  are  also  applicable  to  the  other  designs 
under  consideration  for  tank  cleaning. 
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TABLE  9 Operational  Discharge  Per  Voyage 


Ballast  Loading 

45% 

60% 

Tank  Cleaning  Method 

1 

2 

1 

2 

Ship  Type 

DWT/15,000  * 

120  A 

9.6 

8.57 

4.85 

10.79 

7.09 

120  C 

9.6 

0.41 

0.10 

0.41 

C.I0 

250  A 

20.0 

17.85 

10.11 

22.4ft 

14.77 

250  A ( IMCO) 

20.0 

18.48 

9.45 

24.40 

14.73 

250  B-l 

20.0 

5.17 

3.  34 

9.17 

6.96 

250  B-2 

20.0 

0.86 

0.21 

8.27 

6.10 

250  C 

20.0 

0.86 

0.21 

0.86 

0.21 

2 50  D 

20.0 

5.80 

1.93 

5.80 

1 .93 

250  E-l 

20.0 

5.80 

1.93 

12.52 

6.07 

250  E-2 

20.0 

5.80 

1.93 

5.80 

1.93 

500  A 

38.0 

35.70 

20.22 

44.96 

29.54 

500  E-l 

38.0 

11.60 

3.86 

26. 34 

12.14 

*[Vt/15,000  in  for  38*  API. 


Notes:  1.  All  amounts  in  m^,  assuming  38*  API  cargo. 

2.  Description  of  tank  cleaning  methods 

1.  Non-recycling  of  washwater,  using  conventional 
portable  machines 

2.  Recycling  of  wash  water,  using  high  canacitv 
washing  machines 
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Increasing  the  amount  of  segregated  ballast  capacity, 
without  a double  bottom,  should  contribute  significantly 
to  reducing  operational  pollution.  Depending  on  ballast 
level  this  reduction  is  estimated  to  be  on  the  order  of 
'SO  to  75%  ^compare  cases  250-D,  El,  E2  to  250-A  IMCO)  . 
This  occurs  since  the  need  to  put  ballast  in  empty  cargo 
tanks  is  reduced  (or  eliminated  if  sufficient  segregated 
ballast  is  available).  Accordingly,  both  tank  cleaning 
and  amounts  of  dirty  ballast  that  must  be  handled  would 
be  reduced  (or  eliminated). 

The  addition  of  a double  bottom  and  segregated  ballast 
should  contribute  a further  reduction  to  operational 
pollution  (compare  case  250-B2  to  250-El,  and  case 
250-C  to  250-D  and  E2) . This  occurs  for  two  reasons. 
First,  as  discussed  above,  the  need  to  clean  cargo 
tanks  to  prevent  sludge  buildup  may  be  eliminated. 

Second,  in  those  cases  when  it  is  necessary  to  clean 
cargo  tanks  (for  changing  cargo  grade,  or  to  achieve 
a certain  ballast  displacement  in  ships  that  have  only 
partial  segregated  ballast  capacity,  for  example),  the 
amount  of  wash  water  (in  the  non-recycling  cases  only)  is 
-educed.  The  cumulative  result  of  these  two  effects  is 
estimated  as  a reduction  of  between  30  and  90%  depending 
on  the  type  of  tank  cleaning. 
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. Addition  of  double  sides  is  not  thought  to  contribute 
significantly  to  reducing  operational  pollution.  A 
double  side  ship  (without  double  bottom)  should  incur 
the  same  sludge  buildup  as  any  other  single  bottom  ship. 
Also,  while  smooth  sides  might  be  somewhat  easier  to  clear, 
than  the  base  ship,  this  credit  would  be  significant 

than  that  of  the  smooth  double  bottom. 

The  above  are  believed  to  be  the  principal  directional  findings 
which  can  be  drawn  from  Table  9 in  regard  to  operational  pollution. 

In  making  any  further  comparisons,  it  is  important  tnat  the  effect 
of  changing  segregated  ballast  level  be  considered  separately 
from  the  impact  of  the  other  design  features  such  as  double  bottoms 
and  double  sides.  For  example,  in  a direct  comparison  of  250-El 
to  250-C  the  relative  effect  of  increased  segregated  ballast  cannot 
be  separated  from  the  effect  of  adding  a double  skin.  However,  a 
comparison  of  250-El  to  250-E 2 and  then  of  250-E2  to  250-C  does 
permit  a proper  evaluation. 

B.  Pollution  Effectiveness  For  Accidental  Discharges 

1 .  Introduction 

This  section  will  consider  only  those  categories  of  accidents  which 
should  be  significantly  affected  by  the  specific  design  features 
considered  in  this  paper.  These  are: 

1.  Strandings 

2.  Collisions  (ship  to  ship  casualties) 

3.  Rammings  (ship  to  object  casualties) 
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While  accidents  such  as  structural  failures  or  explosions  may 
contribute  to  the  total  amount  of  accidental  discharges,  their 
occurrence  should  not  be  significantly  affected  by  the  changes 
considered  here.  Minor  accidental  sources  such  as  leaking  valves, 
overflows,  etc.  are  likewise  not  considered  here. 

Although  shell  plating  thickness  which  is  the  primary  structural 
barrier  to  ramming  varies  little  with  ship  size  the  contribution 
of  rammings  to  accidental  discharge  is  considered  to  be  at  least 
an  order  of  magnitude  less  than  that  from  strandings  or  collisions. 
This  is  particularly  true  of  the  large  tankers  considered  by  this 
paper  for  two  principal  reasons: 

1.  These  ships  do  little  maneuvering  in  the  vicinity  of 
bridge  abutments  and  similar  objects  which  are  the  source  of  most 
ramming  incidents  for  smaller  ships. 

2.  As  the  ships  have  grown  in  size  it  has  become  more  important 
to  control  very  precisely  the  speed  at  which  they  dock.  This  should 
reduce  the  incidence  of  pier  rammings.  Equally  significant  is 

the  fact  that  in  those  cases  when  such  a ramming  does  occur  with 
a large  tanker  it  is  the  pier  rather  than  the  ship  which  is  most 
likely  to  be  damaged.  However,  rammings  have  been  included  since 
the  double  side  ships  (250-C,  250-D)  should  be  particularly  effective 
in  such  an  accident. 
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2 . Information  Sources 

The  analysis  of  effectiveness  for  accidental  discharges  is  made 
difficult  by  the  lack  of  applicable  data.  The  amount  of  data 
available  is  small  and  it  applies  to  ships  older  and  smaller  than 
the  large  tankers  under  consideration  in  this  paper.  The  data 
that  are  available  fall  into  several  separate  categories: 

. Numbers  of  accidents,  broken  down  into  types  (i.e., 
groundings,  collisions,  etc.)  While  data  of  this 
nature  are  quite  plentiful,  they  are  rarely  related 
to  an  amount  of  oil  spilled.  For  example,  see 
references  1-5. 
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. Gross  estimates  of  total  amounts  of  oil  spilled  per 
year.  These  gross  estimates  are  rarely  broken  down 
into  amounts  by  accident  type.  Reference  2 contains 
data  of  this  nature. 

. Information  on  the  effectiveness  of  double  bottoms, 
double  sides,  etc.  References  1 and  4 contain  data 
of  this  nature.  However,  it  is  difficult  to  relate 
these  data  to  a particular  damage  severity  and  oil 
outflow.  Theoretical  work  being  done  in  this  area 
has  not  proven  of  use  thus  far.  Correlation  between 
these  different  types  of  data  is  poor.  For  example, 
if  data  on  numbers  of  accidents  are  multiplied  by 
outflow  per  accident  as  given  by  the  IMOO  Hypothetical 
outflow  formula,  the  product  is  far  in  excess  of  the 
gross  estimates  given  for  accidental  discharge. 
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While  it  might  appear  that  the  IMCO  damage  assumptions  and  hypo- 
thetical outflow  calculations  would  be  a satisfactory  means  of 
analysis,  there  are  several  additional  factors  which  should  be 
considered: 

. The  calculation  of  IMOO  hypothetical  outflow  from 
stranding,  Os , was  developed  for  freeboard  draft 
ships.  In  a stranding,  an  excess  freeboard  ship 
of  the  type  considered  in  this  paper  will  have 
significantly  higher  outflow  from  a tank  of  the 
same  volume  as  one  in  a freeboard  draft  ship.  To 
take  this  effect  into  account,  it  is  necessary  to 
calculate  outflow  on  the  basis  that,  to  achieve 
static  equilibrium,  the  oil  will  flow  out  of  the 
damaged  tank  until  its  head  equals  that  of  the  sea. 
Excess  freeboard  will  not  affect  the  calculation  of 
collision  outflow  since  the  entire  tank  volume  is 
presumed  to  be  lost. 

. The  calculation  of  the  IMCO  Hypothetical  outflow  (both 
Oc  and  Os)  assumes  that  the  damage  will  occur  at  the 
"worst”  location,  that  is,  a bulkhead  intersection 
where  several  tanks  will  be  breached.  While  this  type 
of  severe  assumption  may  be  appropriate  in  the  sense 
used  by  IMOO,  there  appears  to  be  a high  probability 
that  damage  will  not  occur  in  the  most  severe  location. 
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. It  is  necessary  to  consider  the  consequences  of  those 
accidents  where  the  penetration  exceeds  the  IMOO 
damage  assumption,  particularly  for  the  case  of 
vertical  penetration  in  double  bottom  ships. 

3 . Method  of  Analysis 

The  analysis  of  this  section  will  be  done  on  an  individual  ship 
basis.  Subsection  C will  present  a possible  method  for  performing 
a similar  analysis  on  the  basis  of  the  total  number  of  ships  in 
the  fleet.  For  the  reasons  discussed  in  the  previous  sections, 
the  analysis  in  this  section  will  be  carried  beyond  the  IMCO 
Hypothetical  Outflow  calculations  to  include  the  other  factors 
which  need  to  be  considered.  Each  of  the  three  accidents  under 
consideration  - strandings,  collisions  and  rammings  - will  be 
considered  separately  since  available  data  does  not  permit  an 
evaluation  of  the  relative  importance  of  collisions  versus  strandings. 

4.  Collision  Damage 

Table  10  presents  the  IMOO  Hypothetical  Outflow  calculation  (0c) 
for  each  of  the  250,000  DWT  ships.  The  ships  with  double  sides 
( 250-C  and  250-D)  receive  a credit  in  this  calculation  even  though 
the  double  skin  width  is  less  than  the  IMCO  damage  criteria  of  B/5 
or  11.5  ra.  Line  3 of  Table  10  presents  the  outflow  that  would 
occur  in  those  cases  where  the  inner  skin  is  ruptured.  In  this 
instance,  the  outflow  from  the  double  side  ships  is  considerably 
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higher  than  for  the  single  skin  ships  because  of  the  large  "inside" 
cargo  tanks  which  can  be  designed  into  these  ship  types  (line  2). 

As  discussed  above  the  IMCO  Hypothetical  Outflow  calculation 
considers  a damage  at  the  most  severe  location  giving  the  maximum 
outflow  for  the  extent  of  damage  under  consideration.  This  method 
can  disguise  real  differences  that  may  exist  between  different 
designs  in  the  amount  of  outflow  that  would  occur  with  an  average 
or  more  likely  damage  location.  To  determine  the  relative 
effectiveness  of  the  designs  involved  an  investigation  was  made 
to  find  average  outflow  for  all  possible  damage  locations  in  the 
cargo  tank  length  of  each  ship.  By  using  a range  of  damage 
lengths  from  1 meter  to  35  meters,  it  was  found  that  the  relative 
amounts  of  outflow  from  each  of  the  eight  250,000  DWT  ships  are 
nearly  independent  of  damage  length.  The  results  of  these  calculations 
are  presented  in  line  1 of  Table  11  for  a damage  length  of  14.5 
meters.  It  is  necessary  to  credit  the  double  side  cases  for  that 
percentage  of  incidents  where  the  inner  skin  is  not  ruptured.  The 
effectiveness  of  double  sides  was  evaluated.  However,  since  the 
available  data  is  for  tankers  considerably  smaller  than  the  large 
tankers  under  consideration  here,  they  were  examined  both  in  terms 
of  absolute  penetration  depth  in  meters,  and  in  terms  of  penetration 
depth  related  to  the  breadth  of  the  struck  ship.  Recognizing  that 
the  average  ship  generally  has  been  increasing  in  size,  it  is  felt 
that  the  magnitude  of  penetrations  will  lie  somewhere  between  values 
independent  of  ship  size  and  values  which  are  proportional  to  ship’s 
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10  Collision  Damage  - IMCO  Hypothetical  Chitflow 
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TABLE  11  Collision  Damage  - Outflow  From  "Average"  Collision 


breadth.  Using  the  mean  of  the  values  from  these  two  estimates, 
the  following  values  of  effectiveness  have  been  assumed: 

TABLE  12  Double  Side  Effectiveness 


Ship 

Double  Side  Width 

Effectiveness  in  Collision 

2 50 -C 

3.5  m 

30% 

250-D 

6. 55  m 

55% 

This  information  is  given  in  line  2 of  Table  11  where  the  likelihood 
of  breaching  tanks  ■ 1 - effectiveness  in  collision.  It  must  be 
noted  that  although  the  likelihood  value  for  single  skin  ships  is 
defined  as  100%  in  the  context  of  this  table,  there  will  still  be 
many  collisions  in  which  there  are  no  tanks  ruptured,  and  there  is 
no  pollution.  For  example,  reference  2 indicates  that  of  338  tanker 
collisions  that  occurred  in  1969-1970,  76%  did  not  result  in 
pollution. 

Line  4 of  Table  11  presents  the  relative  outflow  that  will  occur 
in  an  "average”  collision,  giving  credit  for  double  sides.  The 
following  points  appear  significant: 

. In  comparison  to  the  base  ship,  double  sides  may  reduce 
collision  outflow  significantly. 

. Collision  outflows  for  the  double  bottom  only  ships  (250-B1, 
and  250-B2)  may  be  essentially  the  same  as  for  the  base 
ship. 
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. Existence  of  staggered  ballast  wing  tank  (250-El  and 

250-E2)  may  provide  a significant  reduction  in  collision 
outflow  which  is  of  similar  magnitude  to  that  provided 
by  the  double  sides  of  250-C  and  250-D.  It  should  be 
noted  that  use  of  the  IMCO  Hypothetical  Outflow 
Calculation  (as  shown  in  line  4 of  Table  10)  does  not 
reflect  the  effectiveness  of  the  stagger ed  ballast  wing 
tanks . 

5.  Stranding  Damage 

As  discussed  above,  the  calculation  of  the  IMCO  Hypothetical  Outflow 
in  stranding,  Os , may  be  misleading  if  applied  literally  to  the 
ships  considered  in  this  study.  Table  13  presents  the  IMCO 
Hypothetical  Outflow  and  also  contains  a recalculation  which  considers 
the  following  factors; 

. To  account  for  the  excess  freeboard  which  exists  in  all 
but  the  base  case,  a static  equilibrium  calculation 
has  been  performed.  This  assumes  that  oil  will  flow 
out  of  damaged  tanks  until  the  static  head  of  the  oil 
remaining  in  the  tank  equals  that  of  the  sea  outside. 

To  include  such  factors  as  tide,  current,  and  ship 
rise,  the  draft  of  the  ship  is  considered  to  be 
reduced  by  2 meters.  Figure  5 demonstrates  this 
calculation . 
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. Although  a crude  oil  of  38°  API  was  used  to  determine 
the  cubic  requirements  for  these  ships,  a heavier 
crude  of  30.3°  API  is  more  typical  of  the  crudes  being 
carried  in  large  tankers.  Since  the  outflow  in  a 
static  equilibrium  calculation  is  dependent  on  the 
specific  gravity  of  the  cargo  involved,  the  more  typical 
value  of  30.3°  API  nas  been  used. 

. For  double  bottom  ships,  when  the  double  bottom  is 
breached,  in  addition  to  the  static  equilibrium 
condition  noted  above,  some  portion  of  the  double 
bottom  space  will  fill  with  oil  thus  reducing  outflow. 
The  determination  of  what  proportion  of  this  space  will 
contain  oil  and  what  proportion  sea  water  is  beyond 
the  scope  of  this  paper.  For  purposes  of  this  analysis, 
it  has  been  assumed  that  1 meter  of  the  double  bottom 
space  directly  below  the  cargo  tanks  ruptured  will  fill 
with  water.  The  remaining  space  is  assumed  to  fill  with 
oil.  For  the  double  skin  case  (250-C)  credit  has  also 
been  given  for  that  oil  which  will  flow  into  the  empty 
side  tanks  rather  than  entering  the  sea.  Both  these 
factors  are  demonstrated  in  Figure  5. 

When  these  physical  considerations  are  applied  to  the  Hypothetical 
Outflow  calculation,  the  Expected  Outflow  for  damage  in  the  most 
severe  location  is  found  (line  4,  Table  13). 
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In  considering  Table  13,  several  points  should  be  noted: 

. While  the  IMCO  Hypothetical  Outflow  calculation 
considers  the  outflow  from  the  three  double  bottom 
cases  (25Q-B1,  250-B2,  and  250-C)  to  be  zero  there  will 
certainly  be  instances  when  the  double  bottom  will  be 
breached. 

. The  expected  outflow  using  the  static  equilibrium 
calculation  is  considerably  less  than  the  equivalent 
IMCO  Hypothetical  Outflow  for  the  freeboard  draft 
ships.  As  the  amount  of  excess  freeboard  increases, 
the  expected  outflow  increases  significantly.  For 
the  deepest  ships  (250-C,  250-D,  and  250-E2)  the  1/3 
factor  in  the  IMCO  Hypothetical  Outflow  calculation 
is  reached. 

Even  with  the  modifications  to  the  IMOO  Hypothetical  Outflow 
calculation  that  were  incorporated  in  the  calculation  of  line  4 
of  Table  13,  it  must  be  remembered  that  line  4 still  represents 
an  accident  occurring  at  the  most  severe  location.  As  in  the 
case  of  collisions,  consideration  of  only  this  one  damage  location 
may  not  reveal  real  differences  that  exist  between  the  various 
designs.  For  this  reason,  a calculation  of  the  outflow  from  an 
"average"  stranding  incident  has  been  made  and  is  presented  in 
Table  14. 


TABL  • 14  Stranding  Damage  - Outflow  From  "Average"  Strandini 
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Line  1 of  Table  14  is  taken  directly  from  line  4 of  Table  13  and 
represents  a realistic  estimate  of  outflow  from  damage  occurring 
at  the  worst  location.  As  can  be  seen  in  Table  13,  this  worst 
location  involves  either  3 or  4 cargo  tanks.  A calculation  was 
performed  to  estimate  in  what  percentage  of  strandings  less  tanks 
would  be  damaged.  It  was  found  that  outflow  in  an  "average” 
stranding  would  vary  from  .28  to  .33  of  the  outflow  for  the  most 
severe  location.  These  ratios  are  presented  in  line  2 of  Table 
14.  It  was  then  necessary  to  estimate  as  well  the  ef f ect iveness 
of  a double  bottom.  Reference  1 and  4 contain  data  relevant  to 
this  analysis.  Based  on  the  following  analysis,  the  effectiveness 
of  the  three  double  Irottoms  is  shown  in  Table  15.  Reference  1 
shows  that  on  the  average  inner  bottoms  are  likely  to  remain  intact 
in  43%  of  stranding  accidents.  By  plotting  all  75  stranding 
accidents  in  Reference  4 where  bottom  penetrations  are  known  the 
following  can  be  derived: 

. In  79%  of  cases,  penetrations  did  not  exceed  6.7%  of 
ship  breadth 

. In  85.5%  of  cases,  penetrations  did  not  exceed  8.5% 
of  ship  breadth 

The  data  also  show  that  while  inner  bottoms  are  more 
likely  to  be  breached  when  penetrations  are  deep,  in 
several  instances  they  were  breached  where  penetrations 
did  not  reach  double  bottom  height.  Accordingly,  in 
order  to  assign  partial  credit  to  deeper  double  bottoms 
an  average  value  was  used  as  follows: 
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For  designs  250-B1  and  250-C  (double  bottom  equal  to  6.7%  breadth) 
From  Average  double  bottom  height  analysis  43%  effective 

From  Penetration  analysis  7<J%  effective 

Average  Value  of  effectiveness  bl% 

For  design  250-B2  (double  bottom  equal  to  8.5%  breadth) 

From  Average  double  bottom  height  analysis  43% 

From  Penetration  analysis  85.5% 

Average  Value  of  Effectiveness  64% 


TABLE  15  Double  Bottom  Effectiveness 


Ship 

Double  Bottom  Height 

Effect iveness 

2 50-Bl 

3.45  m 

61% 

2 50-B2 

4.42  m 

64% 

2 50 -C 

3.50  m 

61% 

These  data  are  presented  in  line  3 of  Table  14  where  likelihood 
that  tank(s)  will  be  breached  = 1 - Effectiveness.  By  applying 
the  factors  of  lines  2 and  3 to  line  1 a so-called  "statistical" 
outflow  is  reached  which  is  then  converted  to  a relative  outflow 
in  line  5 with  250-A  IMCO  as  the  base  case. 

The  following  points  appear  significant: 

. A double  bottom  can  provide  a significant  reduction  in 
outflow  from  stranding.  For  cases  250-B1  and  250-B2, 
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there  is  a reduction  of  about  half  when  compared  to 
base.  If  considered  on  comparable  bases  as  to  segregated 
ballast  amount  and  freeboard  (250-B2  vs.  250-El)  the 
effect  of  the  double  bottom  is  seen  to  be  more  nearly 
a 3 to  1 reduction  in  stranding  outflow.  Little 
improvement  is  realized  in  250-C  because  of  larger 
"inside"  tanks  and  because  of  increased  freeboard 
beyond  that  for  250-Bl  and  2SO-B2. 

. Increased  freeboard  significantly  increases  outflow 
from  stranding.  Ships  250-D,  250-El,  and  250-E2  which 
have  no  double  bottom  to  offset  their  increased  free- 
board have  outflow  increases  of  from  40%  to  147%  of 
the  base  ship. 

. In  determining  the  effectiveness  of  the  double  bottom 
ships  it  has  not  been  possible  to  include  the  following 
factors : 

1.  The  extent  of  damage  to  the  inner  bottom  is  likely 
to  be  less  than  that  to  the  outer  skin.  This  would 
mean  that  in  some  cases  where  more  than  1 tank  is 
ruptured  in  a single  bottom  ship,  fewer  tanks  may 
be  ruptured  in  the  double  bottom  ship. 

2.  Also,  the  smaller  area  of  damage  should  serve  to 
decrease  the  rate  at  which  the  cargo  flows  out, 
permitting  more  time  to  transfer  cargo  out  of  the 
damaged  tank(s). 
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Both  of  these  factors  tend  to  further  increase  the  effectiveness 
of  the  double  bottom  ships. 


I 
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6.  Rammings 

Rammings  will  not  be  analyzed  in  detail  in  this  section.  However , 
they  will  be  considered  in  Subsection  C.  For  that  analysis,  it 
will  be  assumed  that  the  double  sides  in  250-C  and  250-D  will  be 
] 00%  effective  in  eliminating  pollution  from  this  source. 

7.  General  Discussion 

In  the  beginning  of  this  discussion  of  accidental  pollution  it  was 
noted  that  there  was  not  sufficient  data  available  to  permit 
evaluation  of  the  relative  magnitude  of  the  outflow  from  strandings 
versus  collisions.  It  might  appear  that  such  a relationship  could 
be  defined  by  comparing  line  3 of  Table  11  with  line  4 of  Table  14 
since  both  present  outflow  from  a statistical  or  average  outflow. 
However,  such  a comparison  does  not  appear  valid  and  hence  was  not 
made. 

i 

The  difficulty  in  using  these  numbers  to  determine  the  relative 
importance  of  collisions  versus  strandings  can  be  seen  in  the 
following: 

. Comparing  the  statistical  outflows  for  ship  250-A 
which  is  typical  of  many  in  service  today  indicates 
that  an  average  collision  results  in  3 \ times  as  much 
overflow  as  an  average  stranding. 
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. Data  from  reference  2 indicates  that  the  frequency 
of  accidents  and  pollution  incidents  involving 
strandings  and  collisions  is  approximately  the  same. 

. If  the  information  from  these  two  items  is  combined, 
it  would  appear  that  collisions  would  account  for  at 
least  3*5  times  as  much  outflow  as  strandings. 

However,  the  small  amount  of  data  available  on  this 
subject  (reference  3)  does  not  support  such  a 
conclusion.  Instead,  the  data  of  reference  3 indicate 
that  strandings  are  a more  significant  source  of 
accidental  pollution  than  collision. 

In  spite  of  this  difficulty,  it  is  believed  that  the  relative 
statistical  outflow  data  given  in  Tables  11  and  14  give  a valid 
comparison  of  effectiveness  between  different  designs.  It  is 
possible  to  compare  the  last  lines  of  these  two  tables  and  make 
general  observations  on  the  overall  effectiveness  of  the  various 
designs  under  consideration.  However,  it  must  be  remembered  that 
these  tables  cannot  be  used  to  determine  the  relative  magnitude 
of  outflow  from  collisions  and  strandings.  If  one  of  these  is 
far  more  significant  than  the  other,  the  relative  effectiveness 
for  the  more  significant  source  obviously  predominates. 

. The  only  ship  which  reduces  both  stranding  and  collision 
outflow  is  the  double  skin  ship  250-C.  However,  the 
ef fectiveness  of  the  double  bottom  is  to  a large  extent 
negated  by  the  increased  freeboard. 
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. The  double  bottom  ships  (250-B1  and  2SO-B2)  reduce 
stranding  outflow  by  half,  but  have  no  effect  on 
collision  outflow. 

. The  staggered  ballast  tank  ships  (2SO-E1  and  250-E2) 
and  the  double  side  only  ship  (250-D)  provide  some 
reduction  in  collision  outflow  but  have  significantly 
greater  stranding  outflow  because  of  their  increased 
freeboard. 

C.  Pollution  Effectiveness  From  Operation  and  Accidental 
Discharges  On  A Fleetwide  Basis 

It  was  mentioned  earlier  in  Subsection  B that  if  data  on  number 
of  accidents  are  multiplied  by  the  IMCO  hypothetical  outflows  the 
product  far  exceeds  gross  estimates  of  accidental  discharges  on  a 
total  tanker  fleet  basis.  Similarly  if  numbers  of  accidents  are 
multiplied  by  the  statistical  outflows  presented  in  Tables  11  and 
14  the  product  again  exceeds  gross  estimates  of  total  outflow. 
This  is  not  surprising  in  that  significant  numbers  of  accidents 
are  known  to  have  occurred  in  which  the  outflow  was  considerably 
less  than  would  be  predicted  by  either  of  the  rather  severe  sets 
of  assumptions  discussed  in  Subsection  B.  It  is  for  this  reason 
that  an  effort  was  made,  in  this  section,  to  look  at  the  total 
accidental  outflow  and  apportion  it  on  a per  ship  basis,  to 
strandings,  collisions  and  rammings.  In  an  approximate  manner, 
those  values  then  could  be  further  compared  with  operational 
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discharges.  A further  relation  to  incremental  costs  of  segregated 
ballast  designs  can  be  found  resulting  in  some  measure  of  cost 
effectiveness. 

It  should  be  clearly  understood,  however,  that  these  estimates  of 
overall  effectiveness  are  based  on  a series  of  approximations 
including: 

. Historical  estimates  of  outflows  from  all  accidents 
. New  ship  projections  of  outflows  from  all  accidents 
. Apportionment  of  outflows  by  type  of  accidents 

- historical 

- projected  to  cover  new  ships 

These  estimates  further  highlight  the  critical  need  for  historical 
data  on  accidents  showing  quantities  of  oil  outflow.  Study  VI 
should  provide  further  input. 

Outflow  Due  to  Collisions.  Strandings  and  Ramminqs 

Recent  estimates  of  tanker  oil  outflows  from  all  casualties  are  in 
the  range  of  100-250,000  tons  per  year  or  an  average  of  175,000 
tons  corresponding  to  200,000  m-3  (@  30°API).  That  due  to 
collisions,  strandings,  and  rammings  is  assumed  to  be  100,000  m3. 

. 1969-1970  data  (reference  2)  show  that  the  number 

of  collision  accidents  resulting  in  pollution 
approximately  equals  stranding  accidents. 
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. 1969-1970  ICS  data  (reference  3)  on  major  accidents 

show  outflow  resulting  from  stranding  accidents  has 
been  roughly  10  times  as  much  as  outflow  from  collisions. 

. Regarding  rammings  it  is  felt  that  they  might  represent 
a significant  number  of  occurrences  for  small  ships, 
but  for  large  tankers  they  would  be  very  small  in 
terms  of  quantities  of  oil  outflow,  probably  less  than 
1%. 

By  assuming  partial  credence  to  the  10  to  1 strandings  to  collisions 
ratio  of  reference  3 and  considering  that  IM00  regulations  might 
tend  to  equalize  outflows  from  collisions  and  strandings,  the 
following  relative  outflows  were  assumed: 

Strandings  66% 

Collisions  33% 

Rammings  1% 

Theoretically  a projection  of  accidental  oil  outflow  from  future 
ships  should  consider  all  of  the  following: 

. Total  deadweight  of  all  tankers 
. Size,  average  deadweight  of  each  tanker 
. Number  of  tankers 

. Areas  to  which  tankers  of  various  sizes  can  trade 
. Accident  prevention  programs  such  as 
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- Personnel  training 

- Traffic  control 

- Improved  Navigation  and  Collision  Avoidance  aids 
Being  unable  to  presently  weigh  the  importance  of  each  of  the 
above,  an  extrapolation  covering  simply  the  increase  in  total 
deadweight  was  developed  as  follows: 


1970  1980 


Tanker  Requirements  T-2  equivalents 


10,500  22,000 


New  Contracts 

1970  Fleet  Under  Contract  for  1980  or 

After  Obsolescence  or  Constr.  now  Earlier  Pel'y 

Make  up  of  1980 
requirements  in  T2 

equivalents  7000  6000  9000 


Assume  requirements 
for  persistent  oil  90% 

of  above  6300  5400  8100 

The  above  indicates  there  are  requirements  for  8100  T2  equivalents 
to  be  contracted  for  and  delivered  between  now  and  1980.  From  the 
other  assumptions  above  annual  oil  outflow  due  to  strandings. 


collisions  and  rammings,  from  these  8100  t2  equivalents,  would  be: 

100,000  m3  (1970  outflow)  x 8100 (new  T2  equiv. ) _ 3 

10500(1970  T2  equiv.)  ' m 


8100  T2  equivalents  correspond  to  approximately 


8100  (T2)  x 16600  (T2  DOT)  x 14.6  Kts  (T2)  = . 

250,000  (DOT)  x 16.0  Kts  (250MDOT)  M 


250MDWT 


Oil  outflow/250-A/year  = 77000  = 157  cu.  m. 

490 


I 

I 

I 

I 
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Apportioning  these  157  cubic  meters  in  accordance  with  the  66%, 
33%,  1%  earlier  assumption,  the  outflow  for  a 250-A  type  ship 


would  be: 

Annual  Outflow 
Typical  25Q-A 


o 3 

Strandings  0.66  x 157  mJ  103  m 

Collisions  0.33  x 157  m3  52 

3 

Rammings  0.01  x 157  m 2 

TOTAL  157  m3 


Using  the  relative  statistical  outflows  for  each  accident,  shown 
in  line  4 of  Tables  11  and  line  5 of  14  presented  earlier,  and 
the  volumes  of  outflows  for  a 250-A  shown  above,  the  first  3 lines 
of  Table  16  were  developed  showing  possible  outflows  apportioned 
on  a per  ship  basis.  As  an  example  the  43  cubic  meters  value  shown 
in  line  1 for  250-B1  was  derived  by  multiplying: 

(103  m3  above)  x (54%  for  250-Bl )/( 129%  for  250-A)  = 43  m3 
( Table  14  ) ( Table  14  ) 

Line  4 shows  total  outflow  due  to  accidents  on  a per  ship  per  year 
basis.  By  subtracting  total  outflow  of  each  design  from  the  base 
case  250  IMCO,  the  effectiveness  of  each  design  is  derived  in  terms 
of  preventing  oil  outflow  compared  to  the  base  case,  as  shown  in 
line  5.  From  Table  5 in  Section  IV,  differences  of  total  annual 
costs  over  base  case  have  been  calculated  and  are  shown  in  line  6. 
Line  7 (line  6 divided  by  line  5)  presents  a measure  of  cost  effec- 
tiveness for  the  various  designs  in  reducing  oil  outflow  from 

II 
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TABLE  16  Fleetvide  Oil  Outflow  Estimates  From  Accidents 
Apportioned  On  A Per  250  MDWT,  Per  Year  Basis 


ao 


accidents.  It  is  expressed  in  $ per  year  of  preventing  the  discharge 
of  an  additional  cubic  meters  of  oil  in  accidents.  It  should  be 
considered  of  course  in  conjunction  with  the  total  quantity  of 
outflow  prevented  (line  5). 

The  following  become  apparent  from  Table  16: 

. A 25-35%  reduction  in  accidental  outflow  is  shown  by 
double  bottom  designs  250-B1  and  250-B2  and  double 
skin  design  250-C;  the  maximum  reduction  is  shown  by 
double  bottom  design  250-B2. 

. On  the  basis  of  equal  segregated  ballast  capability 
(45%  of  full  load  displacement)  Table  16  shows  a 50% 
reduction  in  outflow  is  achieved  by  the  double  bottom 
designs  as  contrasted  to  the  single  skins  (comparison 
of  designs  250-B2  with  250-El). 

. The  double  side  and  both  single  skin  designs  250-D, 

250-El  and  250-E2  shows  significant  increases  in 
accidental  outflows  over  the  base  case  250  IMOO 
design.  Since  all  three  designs  are  also  more  costly 
to  build,  these  are  not  cost  effective  for  the  accidents 
considered. 

. Design  250-Bl  shows  the  least  incremental  cost  to 
reduce  accidental  discharges,  while  design  250-B2 
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shows  a 20%  higher  cost  per  ton  with  a likely 
capability  to  reduce  oil  outflow  by  an  additional 
20-25%  over  the  250-B1  design. 

. Although  double  skin  design  250-C  can  also  reduce  oil 
outflow  (about  25%  less  than  250-B1),  it  costs  about 
3-4  times  as  much  to  save  a cubic  meter  of  outflow, 
as  does  the  250-Bl  and  250-B2  designs. 

Oil  Outflow  from  Operational  Discharges 

Oil  outflows  from  operational  discharges  on  a per  ship,  per  voyage 
basis,  were  discussed  and  presented  earlier  in  Table  9.  By 
assuming  7 voyages  per  year  as  a typical  250MDWT  voyage  (a  mixture 
of  mostly  long  voyages  with  some  short  ones)  operational  discharges 
were  converted  on  a per  ship  per  year  basis  and  are  also  shown  in 
Tables  17  and  18. 

Overall  Assessment  of  Outflow  from  Accidents  and  Operations 
Having  converted  the  discharges  from  normal  operations  on  a per 
ship  per  year  basis  as  described  above.  Tables  17  and  18  combine 
outflows  from  accidents  and  normal  operations  for  45%  and  60% 
ballast  operations  respectively.  These  tables,  similar  in  format 
to  previous  Table  lo,  show  in  line  4 the  decrease  in  outflow  over 
base  case  250-A  IMCO  design  due  to  normal  operations  and  accidents. 
i,ine  6 shows  the  cost/per  year  of  preventing  an  additional  discharge 
of  1 cubic  meter  of  oil. 
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The  following  can  be  observed  from  Tables  17  and  18: 

. A 2-3  fold  reduction  in  oil  outflow  from  accidents  and 
operations  is  shown  as  possible  by  double  bottom  designs 
250-B1,  250-B2  and  double  skin  design  250-C,  line  3 of 
both  tables. 

. On  the  basis  of  equal  segregated  ballast  capability 
a better  than  40%  reduction  in  outflow  is  likely  to 
occur  with  double  bottom  designs  as  contrasted  to 
single  skin  designs  (comparison  of  250-B2  with  250-El). 

. Examination  of  line  shows  the  lowest  cost  of  saving 
1 cubic  meter  of  oil  outflow  is  likely  to  be  achieved 
by  the  double  bottom  designs. 

. Double  skin  design  250-0  appears  capable  of  saving  about 
the  same  oil  outflow  as  the  double  bottom  designs  but  at 
twice  the  cost. 

. Single  skin  designs  show  smaller  likely  reductions  in 
oil  outflow,  but  at  costs  per  ton  that  are  about  twice 
those  for  the  double  bottom  designs. 

. The  double  side  design  (250-0),  at  the  45%  ballast 
displacement,  actually  shows  an  increase  in  outflow 
with  increasing  cost  (it  shows  somewhat  better  performance 
at  a 60%  ballast  displacement). 
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In  looking  at  these  nuiabers  the  following  must  especially  be  born 
in  mind: 

. The  cost  effectiveness  of  accidental  outflows  shown 
above  are  the  result  of  one  set  of  assumptions  in 
regard  to  extrapolation  to  future  accidental  outflows. 

For  this  reason  a sensitivity  study  was  conducted  as 
described  below. 

Sensitivity  to  Outflow  Assumption 

The  total  annual  outflows  estimated  in  the  preceding  section  were 
tnc  osult  of  many  assumptions  already  discussed.  One  of  the  more 
critical  assumptions  affecting  the  relative  performance  of  each 
design  in  abating  pollution  were  the  relative  outflows  assumed 
• or  •.  t l andings , collisions  and  rammings.  These  were  06%,  33%.  and 
1%  respectively.  To  provide  a broader  base  for  evaluating  the 
impact  of  this  assumption  similar  outflow,  calculations  were 
per formed  for  both  ballast  modes  and  extreme  relationships  among 
strandings,  collisions  and  rammings.  The  sensitivity  study  assumed 
ratios  of  90%  strandings,  9%  collisions  and  1%  ramming  as  one 
extreme  and  22%  strandings,  77%  collisions  and  1%  rammings  as 
another.  These  extremes  were  arrived  at  by  assuming  the  admittedly 
sparse  sample  of  data  in  reference  3 showing  the  If)  to  I ratio 
between  stranding  and  collision  outflows  was  correct;  and  alterna- 
tively the  3*i  to  1 ratio  between  collision  . id  stranding  outflows 
indicated  by  Tables  11  and  14  was  valid.  Again  it  should  be  stressed 
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that  neither  of  these  extremes  are  considered  correct  and  the  very 
divergence  points  up  to  the  pressing  need  for  a wider  and  more 
reliable  statistical  data  base. 


I 


I 

I 

‘ 


I 


On  the  basis  of  these  assumptions  fleetwide  oil  outflow  estimates 
from  operational  and  accidental  discharges  were  made  similar  to 
those  of  Tables  17  and  18.  Figure  6 shows  the  average  annual 
outflow  for  each  design  on  the  250  series  for  the  60%  ballasted 
displacement  operating  mode.  From  this  figure  the  following  trends 
can  be  observed: 

. The  double  skin  design  (250-C)  has  the  lowest  average 
annual  outflow  over  the  entire  range  of  stranding/ 
collision  ratios. 

. Double  bottom  designs  exhibit  a trend  toward  decreasing 
outflow  as  strandings  become  dominant.  Even  when 
collisions  predominate  (3^  to  1)  the  poorest  double 
bottom  design  (250-Bl)  has  only  23%  more  outflow  than 
the  best  non-double  bottom  alternative.  At  a to  1 
outflow  ratio  with  strandings  predominating  the  double 
bottom  design  has  over  45%  less  outflow  than  the  best 
single  bottom  version.  The  break  even  point  lies 
between  33%  and  40%  of  the  total  accidental  outflow 
due  to  stranding. 

. The  double  side  design  (250-D)  has  a very  high  slope 
which  indicates  it  has  greater  outflow  than  the  base 
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F 1C  t SEHSITtVlTV  Of  VERAGE  ANNUAL  0'L  0U1FL0»  TO  RELATIVE  OUTFlO*S  STRANDING  vs  COUlSlONS 

( EO*-  3ALLAST  D ISPl  ACER!  NT ) 


ship  when  the  stranding/total  outflow  ratio  exceeds 
80%.  It  does  not  become  superior  to  the  double  bottom 
ships  unless  the  ratio  of  stranding^  to  total  outflow 
is  less  than  30%. 

. Double  bottom  designs  have  lower  outflows  over  the 
larger  range  of  possible  ratios  between  strandings 
and  collisions. 

Consideration  of  the  45%  ballast  operations  as  shown  in  figure  7 
does  not  change  trends  exhibited  on  figure  6 but  improves  the 
effectiveness  of  both  designs  developed  for  45%  operations  (250-B2 
and  250-El).  This  figure  would  indicate  that: 

. 250-B2  is  the  most  effective  design  in  limiting  total 

outflow  when  the  stranding/total  outflow  ratio  exceeds 
47%. 

. 250-C  has  the  lowest  average  annual  outflow  over  the 

entire  range  of  stranding/collision  ratios  with  the 
single  exception  noted  in  the  preceding  item. 

. On  balance  250-El  is  an  effective  as  250-E2,  being 
more  effective  when  stranding  outflow  exceeds  50% 
of  the  total  and  otherwise  less  effective. 

It  should  be  emphasized  that  the  double  side  design  (250-C)  has  been 
designed  for  a 60%  segregated  ballast  displacement.  Such  a con- 
figuration cannot  be  developed  for  45%  without  severely  reducing 
the  effectiveness  of  either  the  double  skin  or  double  bottom  since 
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F 16 » SENSITIVITY  OF  C3ST  EFFECT  IVB«ESS  TO  SELATIVE  OUTFLOW  OF  STRAW  IMG  « COLLISION 

(60*  BALLAST  OISPLAMNT) 


TOUL  OUTFLOW  COLLISIONS 


(45%  3 ALL  AST  DISPLACEMENT; 


a 


TOTAL  OUTflOf  COLLISIONS 


the  non-cargo  carrying  volumes  must  be  kept  similar  to  .TkJ-C, 
as  designed,  for  adequate  protection.  This  protection  inherently 
provides  about  60%  displacement. 

Since  absolute  outflows  can  only  be  of  interest  if  something  is 
s 

known  relative  to  the  acceptable  limits  of  oil  in  the  sea  or  if 
the  financial  resources  to  limit  outflow  are  boundless,  a similar 
set  of  curves  for  cost  effectiveness  (figures  8 and  d)  were 
developed. 

Figure  8 for  the  60%  ballast  displacement  cases  lends  itself  to 
the  following  observations: 

| 

. The  b/15  double  bottom  design  (250-Bl)  is  the  most 
cost  effective  over  the  major  portion  of  the  range  of 
stranding  outflows  (i.e.,  stranding  outflows  exceeding 
22%  of  the  total  accidental  outflow) . 

. All  versions  are  relatively  close  to  one  another  for  a 
collision  to  stranding  ratio  of  3\  to  1. 

. The  sharp  upward  curvature  exhibited  by  the  single 
bottom  ships  (250-D,  250-El  and  250-E 2)  causes  them 
to  diverge  rapidly  from  comparability  with  double 
bottom  ships  as  the  percentage  outflow  due  to  stranding 
increases. 
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. The  double  skin  ships  (250-C)  cost  effectiveness  is 
relatively  insensitive  to  variations  in  stranding 
versus  collision  outflows. 

A similar  plot  (figure  9)  for  the  45%  ballast  mode  shows  similar 
trends  but  with  the  performance  of  the  60%  ballast  displacement 
designs  degraded  (250-C,  250-D  and  250-E2)  and  those  designs  for 
lower  ballast  amounts  showing  improvement.  Specifically,  the 
following  trends  are  evident: 

. 250-B2  is  nearly  as  cost  effective  as  250-B1. 

. The  conventional  45%  ballast  configuration,  250-El, 
is  most  cost  effective  when  stranding  outflows  are 
less  than  34%  of  the  total. 

. As  in  the  60%  mode,  single  bottom  ships  diverge  rapidly 
from  double  bottom  designs  as  stranding  outflow  increases. 

In  conclusion  a word  of  guidance  concerning  the  application  of  the 
foregoing  analysis  is  in  order. 

. The  relative  costs  in  saving  oil  outflow  from  operational 
pollution  must  still  be  compared  on  equal  bases  with 
alternative  measures,  notably  those  being  studied  by 
IMOO  studies  II,  III,  IV  and  V in  frame  of  reference 
set  by  IMOO  study  VI. 
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Due  consideration  should  be  given  to  alternate  means 
of  preventing  accidents  already  mentioned,  i.e., 
personnel  training,  traffic  control,  improved  collision 
avoidance  and  navigation  aids. 
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SECTION  VI  OTHER  OPERATIONAL  FACTORS 


This  section  discusses  other  operational  factors  which  should  be 
considered  in  evaluating  segregated  ballast  tankers,  but  which 
have  not  been  examined  in  sufficient  detail  to  reach  precise 
conclusions. 

A„  Effect  Of  Increased  Freeboard  On  Shore  Facilities 
As  shown  in  Table  19,  each  of  the  segregated  ballast  designs  has 
a significant  increase  in  freeboard  over  the  base  case,  ranging 
from  42  to  115  percent. 

In  ballast,  the  percent  increase  is  less,  but  for  any  ballast 
displacement  the  absolute  increase  in  freeboard  is  the  same  as  in 
full  load.  Because  of  the  lighter  displacement  and  already  large 
sail  area  (above  water  profile),  the  ballast  condition  may  well  be 
the  critical  case. 

This  increase  in  freeboard  will  affect  shore  facilities  in  several 
areas.  The  loading/discharge  arms  presently  designed  to  accommodate 
ships  of  conventional  freeboard  may  require  modifications  in  order 
to  be  able  to  receive  segregated  ballast  ships.  The  increased 
freeboard  may  also  necessitate  modifications  to  the  mooring  arrange- 
ments, both  because  of  the  changed  lead  angles  involved  and  because 
of  the  increased  windage  that  will  result  from  the  increased  sail 
area. 
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TABLE  19  Increase  in  Freeboard  - Full  Load 


Ship 

Freeboard  (m) 

Increase  Over 
Base  Case 
m % 

120 -A 

4.9 

Base 

Base 

120 -C 

9.5 

4.6 

94% 

2 50 -A 

5.8 

Base 

Base 

250-B1 

8.2 

2.4 

42% 

250-B2 

9.8 

4.0 

68% 

250-C 

12.5 

6.7 

116% 

250-D 

11.9 

6.1 

10  5% 

2 50-El 

9.2 

3.4 

58% 

250-E2 

11.9 

6.1 

105% 

500 -A 

7.2 

Base 

Base 

500 -El 

12.6 

4.7 

59% 

It  is  expected  that  these  modifications  would  increase  the  cost  of 
the  shore  facilities  somewhat.  In  order  to  quantify  this  amount 
it  would  be  necessary  to  investigate  the  individual  shore  facilities 
involved  since  there  can  be  significant  differences  among  the 
facilities . 

R.  Effect  Of  Increased  Freeboard  On  Ship  Controllability 
The  increase  in  sail  area  that  results  from  the  increased  freeboard 
can  be  expected  to  have  a significant  effect  on  ship  controllability, 
particularly  in  wind  at  low  ship  speeds  as  occurs  in  harbor  and 
docking  situations.  This  could  require  the  availability  of  increased 
control  forces  either  in  the  form  of  ship  mounted  devices  such  as 
lateral  thrusters  or  as  additional  tugs. 

C.  Other  Factors 

The  use  of  double  bottom  tanks  for  segregated  ballast  may  result 
in  muck  buildup  in  these  tanks  which  would  be  difficult  to  clean. 
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TABLE  A-l  Principal  Characteristics 


Design 

LBP 

meters 

Beam 

meters 

Depth 

meters 

Draf  t 
meters 

SHP 

Speed 

knots 

120-A 

259.1 

112.1 

20.7 

15.8 

26,000 

16.2 

120-C 

259.1 

1*2.1 

?6.2 

15.8 

26,000 

16.2 

250-A 

330.7 

51.8 

25.6 

19.9 

32,000 

16.0 

250-A  IMOO 

330.7 

51.8 

25.6 

19.9 

32,000 

16.° 

250-B1 

330.7 

51.8 

28.0 

19.9 

32,000 

16.0 

250-B2 

330.7 

51.8 

29.6 

19.9 

32,000 

16.0 

250-C 

330.7 

51.8 

32.2 

19.9 

32,000 

16.0 

25  0-D 

330.7 

51.8 

31.7 

19.9 

32,000 

16.0 

250-El 

330.7 

51.8 

29.0 

19.9 

32,000 

16.0 

250-E2 

330.7 

51.8 

31.7 

19.9 

32,000 

16.0 

500 -A 

360.0 

62.0 

36.0 

28.0 

U5,000 

lit. 6 

500-El 

360.0 

62.0 

U0.7 

28.0 

lt5,ooo 

lit. 6 
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TABLE  A- 2 Capacities 


Design 

Deadweight 
Long  Tons 

Cargo  Oil 
m3  (100*) 

Segregated  Ballast 
Long  Tons  S.W.  (100*) 

120-A 

121*, 379 

151,000 

21*,  200 

120-C 

116,383 

152,000 

68,000 

250-A 

21*9,360 

312,000 

1*2,000 

250-A  IMCO 

21*8,990 

312,000 

1*0,000 

250-B1 

21*1*,  216 

307,000 

72,500 

250-B2 

21*3,070 

310,000 

99,700 

250-C 

237,508 

312,000 

132,200 

250-D 

21*1,288 

312,000 

133,600 

250-El 

21*6,711 

311,000 

93,1*00 

250-E2 

21*1,876 

316,000 

132,900 

500-A 

1*71*, 062 

585,000 

75,500 

500-El 

1*63.261* 

581*.  000 

170,000 

Design  Displacement 

long  Tons 

120  11*5,270 

250  286,600 

500  539,1*00 
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Segregated 

Ballast 

% Of  DWT 

19.5 

58.4 

16.0 

16.1 

29.6 

41.0 

55.8 

55.4 

37.8 

55.0 

15.9 

36.7 


TARiJi  A-1  Light  Ship  Wight,  in  Tons 


Design 

Ordinary 
Strength  St^el 

H.T.S.  Type 
AH  4 DH 

Outfit 

Machinery 

Margin 

3* 

Light 

Ship 

120 -A 

11,699 

5,273 

2,196 

1,115 

608 

20,891 

120-C 

22,275 

2,171* 

2,1*67 

1,130 

81*1 

28,887 

250-A 

20,520 

10,880 

3,595 

1,160 

1,085 

37,21*0 

2 50 -A  IMCO 

20,779 

10,880 

3,696 

1,160 

1,095 

37,610 

250-B1 

28,360 

8,230 

3,1*00 

1,160 

1,231* 

1*2,381* 

250-B2 

29,586 

7,91*7 

3,51*6 

1,183 

1,268 

1*3,530 

250-C 

35,919 

6,682 

3,863 

1,198 

1,1*30 

1*9,092 

250-D 

29,881* 

9,116 

3 >791* 

1,198 

1,320 

1*5,312 

250-El 

2^,309 

9,1*21* 

3,811 

1,183 

1,162 

39,889 

250-E2 

30,037 

8,361 

3,81*0 

1,183 

1,303 

1*1*,  7 21* 

500-A 

U5.039 

11,883 

5,013 

1,500 

1,903 

65,338 

500 -ED 

56,013 

11,066 

5,289 

1,550 

2,218 

76,136 
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TABLE  A-4  Longitudinal  Strength  Summary 


Design 

Condition  of  Maximum 
Bending  Moment 

Bending  Moment 
foot- tons 

Shear  For  re 
tons 

120-A 

60$  ballast 

b98,000 

h,200 

120-C 

60*  ballast 

721,000 

h,200 

2 50 -A 

100* 

2,152,000 

11,U00 

250-A  IMCO 

100* 

2,152,000 

11, boo 

250-B1 

100* 

2,117,000 

11,300 

250-B2 

U5*  ballast 

2,130,000 

13,700 

2?0-C 

h$%  ballast 

1,882,000 

11,200 

250-D 

100* 

2,009,000 

9,300 

250-El 

60*  ballast 

2,035,000 

15,200 

250-E2 

60*  ballast 

1,965,000 

13,900 

500-A 

100* 

3,179,000 

19,000 

500-El 

100* 

2,616,000 

lb, 800 

104 


TAB'  E a- 5 Damage  Stability  SumaarY 


Design 

Depth 
ft.  (m. ) 

Available 
GM-ft.  (m. ) 
full  load 

Required  GM 
to  limit  heel 
to  15°-ft.  (m. 

120-C 

86.0  (25.2) 

18.6  (5.7) 

8.3  (2.5) 

250-A 

84.0  (25.6) 

27.1  (8.3) 

11.2  (3.4) 

250-B2 

97.0  (29.6) 

14.2  (4.3) 

6.9  (2.1) 

250-C 

106.0  (32.3) 

10.5  (3.2) 

15.3*(4.7) 

250-D 

104.0  (31.7) 

15.7  (4.8) 

15.4  (4.7) 

250-E2 

104.0  (31.7) 

16.4  (5.0) 

8.1  (2.5) 

500-El 

133.5  (40.7) 

16.6  (5.1) 

6.2  (1.9) 

* A GM  of  9.3  feet  (2.8  m. ) limits  heel  to  21.7°  which  is  less  than  the 
23.3°  necessary  to  immerse  the  deck  edge.  This  design  was  therefore 
deemei  satisfactory,  since  it  does  not  immerse  the  deck  edge. 
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TABLE  A-fe  Total  Internal  Tankage  Area  Requiring  Special  Coating 


Design 

y 

Area 

ft/ 

120-A 

79,800 

859,000 

120-C 

107,400 

1 ,156,000 

250-A 

95,700 

1 ,030,000 

250-A  imco 

111,500 

1 ,200,000 

250-Bl 

118,100 

1,271,000 

250-B2 

1U0, 000 

1,507,000 

250-C 

166,700 

1 ,794,000 

250 -D 

174,400 

1,877,000 

250-El 

11*2,400 

1 ,533,000 

250-E2 

160,900 

1,732,000 

500-A 

142,400 

1,533,000 

500-El 

206,000 

2,217,000 
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APPENDIX  B 
ECONOMIC  BASES 


/ /j  v>  k 
/ 0 * 


I Operational  Factors 


A.  Increased  Pumpout 

Double  bottom  ships  receive  a credit  for  increased  pumpout  as  follows: 
120-C  675  tons  per  voyage 

250-B1,  250-B2,  250  C 1100  tons  per  voyage 


B.  Faster  Pumpout 

All  double  bottom  ships  have  port  time  per  round  trip  decreased 
by  2 hours 

C.  Berthing  Costs 

Delavs  are  assumed  to  be  a function  of  freeboard  in  loaded  condition. 
Also,  it  is  assumed  that  the  ship  with  the  greatest  freeboard 
encounters  a delay  of  4-1/2  hours  once  in  10  trios 
Ship  Hours  Delay/10  Trips 


250-A  IMCO 

250-B1 

250-B2 

250-C 

250-D 

250-El 

250-E2 

120-A 

120-C 

500-A 

500-El 


0.0 

1.6 

2.7 

4.5 

4.1 
2.3 

4.2 
0.0 
4.5 
0.0 

2.3 
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D.  Reduced  Tank  Cleaning 


1 . Cleaning  for  Ballast 

Assume  base  ships  clean  1/3  of  vessel  each  trip 
(33  man-davs/voy . for  250-A  IMCO 

2.  Cleaning  between  Drydockings 

Each  complete  cleaning  requires  — 

100  man-days  for  250  class 

75  " " 120 

150  " " 500 

Assuming  8 trips  between  drydockings  for  the  long  vovage. 
this  would  mean  2 complete  cleanings  for  single  bottom 
vessels,  minus  those  tanks  cleaned  for  ballast.  For  double 
bottom  vessels,  once  between  d.d. 


Version 

If  Complete  cleanings  x man-davs 

It  Man-davs 

250  - IMCO 

2(1 

_ 

1/3)  x 

100  man-days 

133 

2 50-A 

2(1 

- 

1/3)  x 

II  II 

133 

B1 

1(1 

- 

1/4)  x 

M II 

75 

B2 

1(1 

- 

l/10)x 

II  II 

90 

C 

1(1 

- 

0)  x 

II  II 

100 

D 

2(1 

- 

0)  x 

II  II 

200 

El 

2(1 

- 

l/10)x 

• 1 II 

180 

E2 

2(1 

- 

0)  x 

II  II 

200 

F 

1(1 

- 

0)  x 

H II 

100 

120-A 

2(1 

— 

1/3)  x 

75 

100 

120-C 

1(1 

- 

0)  x 

II 

75 

500-A 

2(1 

— 

1/3)  x 

150 

200 

500-El 

2(1 

- 

0)  x 

II 

300 

3.  Cleaning  for  Drydocking 

Assume:  1 dav  of  cleaning  = 10  man-davs 

250  class  double  bottom  vessels  save  2 davs* 
250  class  double  skin  vessels  save  2-1/2  davs* 


*This  is  a labor  savings  only  and  Is  not  reflected 
operating  time.  See  Subsection  IV  D, Sensltivi ties 
operating  days. 


in  an  increase  in  shin 
for  effect  of  changing 
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II  Maintenance  and  Repair 


r 


The  basic  maintenance  and  repair  costs  given  in  Table  1 
are  varied  to  account  for  changes  in  the  annual  tank  coating  maintenance 
cost  which  is  considered  to  be  a function  of  the  total  coated  area  on 
each  design  or: 

= (Area  repaired  per  year)  x (Cost  per  unit  area) 

= .025  x Total  Coated  Area  x $1.25/ft^ 


Version 

Area 

M&R  Cost  $ 

Incremental  Cost  S 

2 50 -A 

1,030,197 

32,194 



250 -A  IMCO 

1,199,919 

37,494 

5,303 

2 50-B1 

1,271,087 

39,721 

7,528 

2 50-B2 

1,507,327 

47,104 

14,910 

250 -C 

1,793,857 

56,058 

23,864 

2 50-D 

1,877,007 

58,656 

26,463 

250-El 

1,533,329 

47,917 

15,723 

250 -E2 

1,731,773 

54,118 

21,925 

120 -A 

858,649 

26,823 

— 

120  -C 

1,156,160 

36,130 

9,297 

500 -A 

1,533,196 

47,912 

— 

500  -El 

2,217,289 

69,290 

21,377 

III  Port  Charges 
Assumptions 

1.  Port  Charges  are  assumed  to  be  a function  of  gross 


tonnage 

2.  For  the  vessels  in  this  study,  gross  tonnage  is  a 
function  of  depth 


Version 

Depth 

Port  Charges 

250-A,  250-A  IMCO 

84  ft. 

51,000 

B1 

92 

56,000 

B2 

97 

58,900 

C 

106 

64,400 

D 

104 

63,100 
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Version 

Depth 

Port  Charg' 

2 50-El 

95  ft. 

57,700 

E2 

104 

63,100 

120-A 

68 

24,000 

C 

86 

30,400 

500-A 

118 

98,000 

El 

133.5 

110,900 

Added  costs  incurred  because  of  larger  sail  areas  (primarily  tug  costs)  have 
not  been  quantified.  However,  the  assumption  that  GRT  is  a linear  function 
of  depth  penalizes  the  deeper  vessels  and,  at  least  in  part,  compensates  for 
the  added  costs  which  are  too  uncertain  to  be  reasonably  estimated. 

IV  Insurance 

Insurance  cost  is  determined  through  the  use  of  the  following 
equation : 


Premium  = 0.905  ((F^xDwt)  + F2x(Capital  Cost)  + F3)  + F^ 
where : 


120  Series 

250  Series 

500  Series 

Fl 

3.55 

4.480 

5.480 

F2 

.00629375 

.007725 

.007725 

f3 

-59,000 

-225,000 

-575,000 

F4 

2,000 

10,000 

10,000 

Version 

Premium  (M$) 

2 50 -A  1MC0 

1079.4 

A 

1078.9 

Bl 

1076.9 

B2 

1078.5 

C 

1079.0 

D 

1077.5 

El 

1081.1 

E2 

1078.5 

120-A 

463.3 

C 

463.7 

500-A 

2295.1 

El 

2282.1 
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It  should  be  noted  that  use  of  this  equation  indicates  little 


difference  in  premium  among  the  various  designs  in  each  series.  This  occurs 
since  the  major  portion  of  the  premium  is  to  provide  coverage  against  partial 
loss  to  the  ship  and  this  is  a function  of  deadweight  rather  than  capital  cost. 
Since  the  alternatives  to  the  base  case  have  lower  deadweight  than  the  base 
case  ships,  they  will  have  a lower  premium  for  protection  against  partial 
loss.  This  factor  weighs  against  the  increased  premium  for  protection  for 
total  loss  which  is  a function  of  initial  capital  cost. 

While  this  formula  is  considered  representative  of  present 
practice,  it  is  expected  that  if  segregated  ballast  ships,  particularly  with 
such  features  as  double  skins,  etc.  come  into  general  use,  their  insurance 
premiums  will  depend  more  strongly  on  capital  cost  and  less  on  deadweight 
than  is  shown  in  this  study. 
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Executive  Summary 


This  note  presents  an  analysis  ot  the  reported  and  estimated  amounts  ol 
oil  that  enter  the  world’s  hydrological  system  each  year  as  a result  ot 
tanker  casualties.  (It  does  not  consider  such  tanker  related  pollution 
sources  as  burst  hoses,  leaky  valves,  tank  overt  lows,  etc.).  This 
analysis  is  primarily  based  upon  data  tor  the  years  1969  and  1970, 
together  with  a limited  comparison  with  available  data  from  other  years 
to  ensure  the  general  validity  ot  the  two-year  data. 

The  data  considers  the  1,416  tanker  casualties  and  266  tanker  polluting 
incidents  known  to  have  occurred  in  1969  and  1970  to  the  approximately 
6,000  tankers  ot  100  GRT  and  over  then  in  operation.  Actual  outtlow  data 
was  gathered  on  47  percent  ot  the  266  tanker  polluting  incidents  known 
to  have  occurred  in  the  two-year  period.  The  outtlow  trom  the  remaining 
incidents  was  calculated  by  assuming  them  to  be  non-catastrophic  and  then 
averaging  the  magnitude  ot  outllows  tor  each  ot  the  types  ot  casualties  with 
known  outllows  ot  500  long  tons  or  less. 

The  principal  findings  ot  the  analyses  are; 

. every  tanker  on  the  average  is  likely  to  be  involved  in  an 
accident  once  every  nine  years  during  its  lifetime; 

. approximately  one  out  ot  every  six  ot  these  casualties  (133  per  year) 
is  likely  to  result  in  a polluting  incident;  or  one  out  ot  three 
tankers  is  likely  to  be  Involved  in  a polluting  incident  during  its 
20  year  life; 
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. the  average  anneal  outflow  from  all  tanker  casualties  is 
approximately  218 ,000  metric  tons; 

. approximately  12  percent  of  the  polluting  incidents  account 
tor  three  quarters  of  the  total  outflow.  This  12  percent  is 
comprised  of  structural  failures,  groundings,  and  explosions 
involving  the  total  loss  of  the  tanker.  An  important  conclusion 
to  draw  from  here  is  that  incidents  involving  the  total  loss  of 
the  tanker  have  a distinct  effect  upon  the  analysis; 

. the  single  largest  type  of  tanker  casualty  in  causing  pollution 
is  structural  failures.  Ten  structural  failures  involving 
tankers  with  an  average  age  of  17  years  and  an  average  size  of 
27,443  DWT,  resulted  in  the  total  loss  of  the  vessel  and  48  percent 
of  the  total  outflow  in  1969  and  1970; 

. the  next  largest  type  of  tanker  casualty  in  causing  pollution  is 
groundings.  Outflows  from  groundings  exceed  those  from  collisions 
by  a factor  of  4.25.  This  is  with  an  equal  frequency  of  occurrence 
of  either  type  of  casualty.  Groundings  accounted  tor  29  percent 
of  the  total  outflow  in  1969  and  1970; 

. there  is  no  clear  indication  that  there  is  any  relationship  among 
tanker  size,  casualty  frequency  and  oil  outflow  magnitude  other 
than  in  the  case  of  explosions  on  very  large  tankers; 

. certain  flags  of  registry  appear  to  need  higher  levels  of  standards 


and  maintenance;  and, 


I 


. analysis  ot  tanker  pollution  data  by  counting  numbers  ot  incidents 
only,  without  recourse  to  the  amount  ot  outflow,  can  be  misleading. 
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INTRODUCTION 


The  concern  over  pollution  ot  the  seas  bj  oil  has  resulted  in  the  development 
of  numerous  proposals  for  reducing  the  amount  ot  oil  entering  the  oceans. 

To  evaluate  the  relative  merits  ot  these  proposals  requires  data  on  the  costs 
involved  and  their  effectiveness  in  eliminating  or  mitigating  oil  spillage. 

In  turn,  the  determination  of  this  effectiveness  requires  data  on  the  amounts 
of  oil  now  entering  the  sea  from  the  particular  source  under  consideration. 

This  paper  presents  an  analysis  ot  the  amount  of  oil  entering  the  sea  as  a 
result  of  world-wide  tanker  casualties  (it  does  not  consider  such  tanker 
related  pollution  sources  as  burst  hoses,  leaky  valves,  tank  overflows,  etc.). 
The  analysis  is  primarily  based  upon  data  tor  calendar  years  1969  and  1970, 
together  with  a limited  comparison  with  available  data  from  other  years  to 
ensure  the  general  validity  ot  the  two-year  data. 

The  paper  attempts  to  determine  how  much  oil  enters  the  sea,  both  on  a total 
basis  and  for  each  ot  the  individual  types  of  casualty,  such  as  grounding, 
collision,  structural  failure,  etc.  As  such,  these  data  can  form  a basis  for 
evaluating  many  ot  the  various  proposals  for  reducing  oil  outflows  from  tanker 
casualties . 

The  paper  will  present  and  analyze; 

. total  annual  tanker  casualty  outflow; 

. distribution  ot  total  annual  tanker  casualty  outflow  by  location; 

. distribution  ot  total  annual  tanker  casualty  outflow  by  ship  size;  and, 

. distribution  ot  total  annual  tanker  casualty  outflow  by  ship  age. 
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P>f  and  Method  of  Analysis 

Within  the  past  two  years,  several  estimates  ot  oil  pollution  trow  tankar 
casualties  haws  been  presented  [1, 2,3,4]^.  These  vary  trow  approximately 

50.000  long  tons  per  year  tor  all  tankers  greeter  than  7,0G0  DWT  {4]  to 

250.000  metric  tons  per  year  tor  all  tankers  [3] . One  ot  the  other  sources 
cites  a figure  ot  100,000  long  tone  per  year  for  ell  types  ot  ships  [2]. 

Apart  from  this  large  variance  In  ranges,  only  one  source  has  attempted  to 
assess  the  contribution  ot  the  different  types  of  casueltles  to  the  total 
outilow[4}. 

Reference  3 Identified  a total  ot  1,416  tanker  casualties  that  occurred  in 
calendar  years  1969  and  1970.  The  data  further  indicated  that  some  pollution 
occurred  In  at  laast  269  ot  thasa  Incidents.  Two-hundred  and  sixty-six 
of  these  Incidents  have  formed  the  basis  tor  this  analysis.  To  determine 
the  enount  ot  oil  outflow  related  to  each  of  these  Incidents  the  following 
sources  were  used: 

. Internal  data  on  oil  company  owned  and  chartered  tankers  Involved  In 
polluting  Incidents  during  1969  and  1970; 

. Published  data  which  provided  details  of  Individual  Incidents  [5,6,7];  and, 
. newspapers,  magaslnes,  etc.  tor  details  ot  particular  data. 

In  110  ot  the  Incidents,  actual  outflow  data  was  tabulated  Including  47  ^ilch 
recorded  aa  minimal  outflows  and  are  shown  as  1 long  ton  tor  computation 
purposes.  In  14  instances,  available  data  gave  a description  ot  damage  but  not 
oil  outflow;  here,  aa  estimate  of  the  oil  outflow  was  mads  based  on  the  damage 

1 Numbers  In  brackets  designate  references  at  end  ot  paper. 
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Table  1.  Sensitivity  ot  Calculated  Outflow  to  Averaging  Technique 


Type  ot 
Incident 

Breakdown 

Collision 

Explosion 

lire 

Grounding 

Raming 

Structural  failure 
Others 

Total  Calculated  Outflow 


Calculated  Outflow  Calculated  Outflow 

Peine  5 OPT  or  Leas  Paine  1000T  or  Lose 


25T 

25T 

102T 

225T 

72T 

72T 

76T 

360T 

90T 

193T 

1ST 

158T 

40T 

40T 

213T 

213T 

10.457T 

19,485T 
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description  and  cargo  condition.  Where  a tulip  loaded  tanker  sank,  a 
reported  out! low  equal  to  the  vessel 'e  cargo  capacity  was  recorded;  where 
s tanker  In  ballast  sank,  an  estimated  outflow  equal  to  the  vessel’s  bunker 
capacity  was  recorded. 

In  the  remaining  142  Incidents  where  neither  outflow  data  nor  sufficient 
damage  details  were  available,  it  was  asstned  that  none  of  these  Incidents 
were  greater  than  500  long  tons.  It  then  followed  for  any  one  given  type 
of  casualty  (e.g.  groundings,  collisions,  etc.)  It  one  took  the  average  known 
outflow  tor  all  incidents  within  that  type  of  casualty  of  500  tons  or  less, 
these  could  then  be  assigned  to  the  remaining  142  Incidents  on  a casualty 
type  basis. 

Table  1 depicts  the  calculated  values  tor  outflows  based  on  using;  (1)  all 
known  Incidents  of  500  tons  or  less;  and  (2)  all  known  Incidents  of  1,000  tons 
or  less. 

In  terms  of  the  total  outflow  over  the  two-year  period  In  thd  500  ton  case, 
this  gave  430,720  long  tons  whereas  ths  1,000  ton  case  gave  a total  of  439,748 
long  tons.  Overall  then.  It  can  be  said  that  the  total  outflow  is  Insensitive 
to  the  averaging  technique.  In  fact  If  all  142  calculated  outflows  are 
reduced  to  sero  the  total  outflow  Is  420,263  long  tons.  Vor  the  purposes  of 
analysis,  however,  the  500  ton  case  figures  will  be  employed  throughout  this 
paper.  Table  2 depicts  the  total  oil  outflow  spectrum  on  a casualty  type  basis. 
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Tabl*  2.  1969-1970  Tankar  Polluting  Incident  frequency  end  Outflow  Magnitude 

ea  e function  of  Type  of  Casualty  end  the  Method  of  Determining  the 
Aaount  of  Outflow 


Type  of 
Caaualtv 

tenorted 

Estimated 

Mlninui 

CalcuUted2 

Total 

Breakdown 

16,350(1)3 

0(0) 

0(0) 

50(2) 

16,400(3) 

Collision 

16,116(17) 

13,348(5) 

13(13) 

4,794(47) 

34,271(82) 

Explosion 

15,524(3) 

18,300(3) 

6(6) 

216(3) 

34,046(15) 

fire 

2,154(3) 

1.250(1) 

3(3) 

912(12) 

4,319(19) 

Grounding 

119,906(22) 

1,400(2) 

16(16) 

2,700(30) 

124,022(70) 

Banning 

2,800(3) 

1,600(1) 

5(5) 

252(14) 

4,657(23) 

Structural  failure 

206,553(13) 

4,490(1) 

4(4) 

1,320(33) 

212,367(51) 

Other 

400(1) 

25(1) 

0(0) 

213(1) 

638(3) 

Column  Totals 

379,803(63) 

40,413(14) 

47(47) 

10,457(142) 

430,720(266) 

2 gtgod  on  averaging  known  incidents  of  500  tons  or  less. 

3 incident  wee  e Mechanical  breakdown  which  led  to  e aubsequent  grounding  and 
eventual  break-up  of  the  tankar. 

4 Equivalent  to  437,612  metric  tons  of  outflow  in  the  two-year  period. 
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Casualty  Data 


Reference  3 compiled  date  on  1,416  worldwide  tanker  caaualtlea  which 
reeulted  In  266  eatabllahed  polluting  lncidente.  The  parameters  examined 
during  this  casualty  analysis  Include:  The  tanker's  name,  country  ot 

registry,  tonnage,  year  built,  cargo  condition,  type  and  date  ot  casualty, 
degree  ot  damage,  amount  ot  oil  outflow, the  method  ot  determing  that  outflow, 
and  geographical  location  with  a detailed  area  ot  the  casualty. 

The  casualty  types  are:  groundings,  collisions,  (ship  to  ship  casualty), 

ravings  (ship  to  object  casualty),  tires,  explosions,  structural  failures 
(Including  heavy  weather  damage),  mechanical  breakdowns,  and  the  group  termed 
"other  casualties”.  The  "other  casualties"  include  tanker  capsizinga  and  a 
tanker  sinking  at  the  pier  due  to  a faulty  valve  and  the  subsequent  flooding 
ot  the  engineroom.  When  the  Initial  casualty  led  to  a second,  such  as  a 
mechanical  breakdown  resulting  in  a subsequent  grounding,  only  the  initial 
casualty  was  counted  among  the  total  casualties. 
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Analy-la  by  Type  Q f Incident 


A*  shown  in  Table  2 and  Figures  1 and  2,  an  analysis  conducted  solely  on 
Incident  frequency  basis  can  be  aidleading  it  the  attendant  outflows  are 
not  simultaneously  considered,  lor  example,  if  one  computes  the  ratio  of 
number  of  groundings  to  maber  of  collisions,  a figure  of  0.85  is  established. 
On  the  other  hand,  tha  ratio  of  oil  outflow  from  groundings  to  collisions  is 
3.62.  These  data  say  that  the  probability  of  being  Involved  in  a collision 
is  approximately  16  percent  higher  than  that  of  being  involved  in  a grounding. 
Tha  average  oil  outflow  of  the  70  groundings  is  some  1,772  long  tons;  whereas, 
the  averege  oil  outflow  of  the  82  collisions  is  418  long  tons.  Compering 
these  average  computed  oil  outflows,  shows  the  average  grounding  outflow  4.25 
times  greater  than  the  average  collision  outflow.  Recognising  that  this  is 
contrary  to  the  Intergovernmental  Maritime  Consultative  Organisation  (IMCO) 
hypothetical  outflows  of  4 and  3 to  1 in  favor  of  collisions,  the  following 
factors  which  substantiate  tha  ratio  deduced  in  this  paper  should  be  noted: 
Except  for  some  rather  small  tankers,  no  collisions  resulted  in  the 
total  loss  of  a loaded  veasel.  Such  was  not  the  case  with  groundings; 
five5  tankers  which  grounded  subsequently  broke  up  and  sunk  with  a 
total  outflow  of  78,109  tons.^ 

5 Includes  case  037  Ohich  was  a mechanical  breakdown  leading  to  a subsequent 
grounding  and  break-up . 

6 If  one  discounts  these  Incidents  since  they  are  Independent  of  tank  else, 
the  ratio  of  outflows  from  groundings  to  collisions  is  2.88. 


. Many  ot  the  grounding*  involved  • multiplicity  oi  tank*  (not  necessarily 
consectutive  though),  for  example,  in  one  Instance  a grounded  tanker 
ruptured  port  wing  tanka  number  1,  3,  5,  6,  7,  and  9. 

Table  3 depicts  the  cargo  Condition  ot  the  131  grounding  and  collisions 
polluting  incidents. 

In  the  known  conditions,  83.9  percent  of  the  collision  incidents  were  in  the 
loaded  condition  while  79  percent  ot  Cm  grounding  incidents  Involved  a loaded 
tanker.  This  says  that  while  there  are  more  collisions  involving  a loaded 
tanker  than  tor  groundli«s,  the  total  and  "per  Incident"  outflows  from  groundings 
exceed  those  from  collisions.  In  tact,  even  it  one  assumed  that  all  the  unknown 
cargo  conditions  tor  collision*  (26)  were  the  "in  ballast"  case  and  all  the 
unknown  cargo  conditions  tor  groundings  (8)  were  "loaded",  57.3  percent  ot  the 
collisions  and  77.1  percent  ot  the  groundings  Involved  loaded  tankers.  Trans- 
nit  ting  this  to  the  grounding  outflow  to  collision  per  incident  outilow  ratio 
ot  4.23,  it  would  reduca  this  ratio  to  3.13.  In  other  words,  there  are  no 
significant  differences  in  cargo  conditions  between  groundings  and  collisions 
that  would  tend  to  alter  the  great  disparity  between  grounding  and  collision 
outt lows. 

The  only  way  that  the  data  could  be  sorted  to  have  a greater  collision  outflow 
than  grounding  outflow,  was  to  consider  only  those  Incidents  with  an  outflow 
ot  less  thsn  1,000  long  tons.  In  this  instance,  the  outflow  ratio  ot  groundings 
to  collisions  is  0.82.  It  is  not  felt,  however,  that  this  case  has  any  algnltl- 
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.,ble  J.  i.argo  Condition  ot  Collision  and  Grounding  Polluting 


Loaded 

Loaded  With 
Other  Than 
Persistent  Oil 

IP 

Ballast 

Uuku  >'vn 
Cat,’  - 
Cond  i t i r.n 

Collisions  (82) 

42 

5 

9 

26 

Groundings  (70) 

48 

1 

13 

8 

Total  (152) 

90 

6 

22 

14 

Table  4.  Comparison  oi  Relative 

Oil  Outflows  trom  Groundings 

and  Collisions 

IRENCH  DATA 

U. 

S.  DATA 

Total 

Excluding 

Total 

Losses 

Total 

hxi  liul  i ng 
Total 

Losses 

Ratio  ot  total 
out! lows, 
groundings  to 
collision 

3.94 

2.13 

3.62 

2.  SC 

Ratio  of  ou tt low, 
grounding  ro 
collision  on  per 
incident  basis 

2.56 

1.60 

4.26 

. 8<» 
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A comparison  ot  the  data  contained  herein  regarding  collisions  and  groundings 
with  reference  4 is  shown  in  Table  4. 


Two  other  types  ot  casualty  also  warrant  some  detail;  namely  explosions 
and  structural  failures. 

Explosions 

Appendix  I shows  15  tanker  explosions.  Ot  these,  six  occurred  during  a 
loaded  condition.  In  the  six  cases  where  the  tanker  had  oil  aboard,  five 
explosions  occurred  at  the  pier  during  a cargo  transfer  operation.  Seven 
ot  the  nine  explosions  which  occurred  with  the  tanker  in  ballast  took  place 
at  sea;  one  ot  tie  remaining  ones  occurred  in  a coastal  rone  and  the  final 
one  occurred  in  an  unknown  location.  At  least  tive  ot  the  explosions  which 
occurred  in  the  ballast  condition  took  place  during  tank  cleaning.  Not  a 
single  tanker  equipped  with  an  inerting  systM  is  recorded  among  the  entire 
list  ot  tanker  with  cargo  tank  explosions.  On  a non-dimensional  basis  the 
dats  clearly  show  that  there  is  a more  significant  explosion  problem  on  large 
tankers  (greater  than  80,000  DWT)  than  on  the  remainder  ot  the  tanker  tleet 
(5.51  as  opposed  to  0.71). 

Structural  Failures 

fii*-y-one  structural  failures  accounted  tor  212,367  long  tons  or  49.3  percent 
ot  the  total  oil  outflow  in  the  two-year  data  base.  Ten  ot  them,  in  the 
loaded  condition,  with  an  average  age  ot  17  year  and  average  size  ot  27,443 
tons  sunk  and  contributed  206,278  long  tons  ot  that  oil  outflow. 
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Impact  o t Total  Losses 


The  Impact  ot  total  losses  upon  the  trequency  and  magnitude  of  tanker 
casualties  is  shown  In  Table  5.  This  table  shows  the  resultant  trequency 
and  magnitude  for  a given  type  of  casualty  when  all  total  tanker  losses 
are  excluded.  In  terms  ot  frequency,  no  appreciable  differences  are  seen, 
however,  the  outflows  are  significantly  changed;  especially  explosions  and 
structural  failures.  Whereas  these  were  eight  and  forty-nine  percent, 
respectively,  they  are  now  one  and  seven  percent.  Groundings  become  the 
predominant  outflow  cause  at  62  percent  with  collisions  next  at  25  percent. 

The  overall  ratio  ot  grounding  outflow  to  collisions  outflow  changes  to  2.5 
and  on  a per  incident  basis  to  2.88.  In  this  respect,  grounding  outflows 
still  exceed  collision  outflows  by  a factor  ot  approximately  3 to  1 in  lieu 
ot  a 4 to  1 ratio,  previously  calculated,  using  the  entire  266  polluting 
incidents.  While  total  losses  result  in  only  about  13.7  percent  ot  the 
polluting  incidents,  their  attendant  outflows  represent  27.4  percent  ot 
the  total  collision  pollution,  nearly  50  percent  of  the  total  grounding 
pollution,  98  percent  ot  the  explosion,  and  97  percent  ot  the  structural 
failure  pollution.  Overall  their  total  outflows  represent  76.5  percent  ot 
the  430,720  long  ton  outflow  figure.  Thus  it  appears  that  the  occurrence 
ot  total  losses  and  the  ability  ot  a tanker  to  survive  a catastrophic 
casualty  must  also  be  considered. 
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Table  5.  Impact  ot  Total  Losses  Upon  frequency  and  Magnitude  ot  Casualties? 


Nwber  of 
Incidents 

Percent  ol 
Total  Incidents 

Outflow 

Percent  ot 
Total  Outflow 

Breakdowns 

2 

0.85 

50 

0.05 

Collisions 

76 

32.48 

24,877 

24.60 

Explosions 

10 

4.27 

722 

0.71 

Fires 

16 

6.84 

1,215 

1.20 

Groundings 

66 

28.21 

62,263 

61.58 

Ra  innings 

23 

9.83 

4,657 

4.61 

Structural 

Failure  40 

17.09 

7,114 

7.04 

Others 

1 

0.43 

213 

0.21 

Totals 

234 

100.0 

101,111  Tons 

100.0 

7 

The  numbers  In  this  table  exclude  all  Incidents  Involving  the  total  loss  of 
a tanker. 
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An  attempt  war.  made  to  sltow  what.  It  any,  correlation  exists  hot  ween  in  lileiit 
frequency.  Incident  outflow,  and  tanker  size.  Table  6 shows  lor  various 
deadweight  ranges,  the  average  number  ol  vessels  in  that  category  operating 
during  the  two-year  sampling  period,  the  number  of  polluting  incidents,  and 
the  total  outtlow  from  those  Incidents.  The  table  then  non-dimensionalizes 
frequency  and  magnitude  on  both  the  basis  oi  number  ol  tankers  and  total 
deadweight  In  a given  range.  The  tour  non-dimensional  parameters  are  as 
follows: 

A/B  - the  number  of  incidents  in  a given  range  divided  by  the 
number  of  tankers  in  the  same  range; 

. C/B  - the  total  outflow  from  the  incidents  in  a given  range  divided 
by  the  number  of  tankers  in  the  same  range; 

. A/D  - the  number  of  incidents  in  a given  range  divided  by  the  total 
deadweight  in  the  same  range;  and, 

. C/D  - the  total  outtlow  from  the  incidents  in  a given  range  divided 
by  the  total  deadweight  in  the  same  range. 

A number  other  than  one  says: 

. tor  A/B,  there  is  a smaller  or  larger  frequency  of  casualties  tor 
the  number  of  vessels  in  that  range; 

. tor  A/D,  there  is  a smaller  or  larger  frequency  of  casualties  tor  the 

deadweight  represented  in  that  range, 

. Bor  C/B,  there  is  a smaller  or  larger  oil  outtlow  magnitude  from  casual t i 


for  the  number  of  vessels  In  that  range;  and, 

. tor  C/D,  there  is  a smaller  or  larger  oil  outflow  magnitude  from  casual 


Table  6A.  Distribution  of  the  World  Tanker  Hast  as  a Function  oi  Deadweight 
During  the  1969-1970  Period® 


Deadweight 

Range 

Nuaber  ot 
Tankers 

(B) 

Percent  of 
Total  Tankers 

Representative 

Deadweight 

(D) 

Percent 
of  Total 
Deadweight 

To  10,000 

2,609 

43.83 

4,005,557 

2.95 

10,000-19,999 

1,208 

20.29 

20,064,280 

14.78 

20,000-29,999 

585 

9.83 

14,163,340 

10.43 

30,000-39,999 

447 

7.51 

15,358,680 

11.31 

40,000-49,999 

296 

4.97 

13,465,060 

9.92 

50,000-59,999 

208 

3.49 

11,231,780 

8.27 

60,000-69,999 

146 

2.45 

9,563,720 

7.04 

70,000-79,999 

136 

2.28 

10.U6.140 

7.45 

80,000-89,999 

86 

1.45 

7,348,460 

5.41 

90,000-99,999 

78 

1.31 

, 7,423,500 

5.47 

100,000-149,999 

95 

1.60 

10,856,640 

8.00 

150,000-199,999 

19 

0.32 

, 3.160,780 

2.32 

200,000  Upwards 

40 

0.67 

8,937,560 

6.58 

5,953 

100.0  ' 

135,695,497 

100.0 

8 1 " 

The  number  ot  tankers  and  representative  deadweight  in  an y one  range  is  the 

weighted  average  oi  tankers  100  OCT  and  upwards  on  record  with  Lloyds  as  ot 
1 January  1969  and  31  Decaaber  1970.  To  compensate  tor  actual  days  ot 
operation  iron  the  tlrst  carriage  ot  a cargo  ot  oil,  all  tankers  delivered  in 
the  2-year  Interval  are  weight  averaged  over  a 5-uonth  period  idiereas  all 
existing  tankers  as  ot  1 January  1969  are  weight  averaged  over  the  tull  2 4-eon th 
period. 
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Table  6B.  Distribution  ot  the  266  Incidents  and  Outflow  as  a function  of 
Deadweight  During  the  1969-1970  Period 


Deadweight 

Range 

Number  of 
Incidents 

(A) 

Percent  of 
Total  Incidents 

Outflow  In 
Range 

(C) 

Percent  ot 
Total  Outflow 

To  10,000 

63 

23.69 

10,939 

2.54 

10,000-19,999 

75 

28.20 

155,966 

36.21 

20.000-29,999 

41 

15.41 

45,924 

10.66 

30,000-39,999 

22 

8.27 

94,356 

21.91 

40,000-49,999 

14 

5.26 

54,825 

12.73 

50,000-59,999 

11 

4.14 

20,604 

4.78 

60,000-69,999 

9 

3.38 

6,467 

1.50 

70,000-79,999 

10 

3.76 

14,174 

3.29 

80,000-89,999 

4 

1.50 

82 

0.02 

90,000-99,999 

3 

1.13 

9,891 

1.37 

100,000-149,999 

3 

1.13 

8,002 

1.86 

150,000-199,999 

1 

0.38 

102 

0.02 

200,000  Upwards 

10 

3.76 

13,388 

3.11 

266 

100.0 

430,720 

100.0 
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Table  6C.  Non— Dimensional  Analysis  oi  the  2W  Incidents  end  Outflows  es  e 
function  oi  Deadweight  During  the  1969-1970  Period 


Deadweight 

Range 

A/B 

A/D 

_CZL_ 

C/D 

To  10,000 

0.49 

8.03 

0.05 

0.86 

10,000-19,999 

1.39 

1.91 

1.78 

2.45 

20,000-29,999 

1.57 

1.48 

1.08 

1.02 

30,000-39,999 

1.10 

0.73 

2.92 

1.94 

40,000-49,999 

1.06 

0.53 

2.56 

1.28 

50,000-59,999 

1.19 

0.50 

1.37 

0.58 

60,000-69,999 

1.38 

0.48 

0.61 

0.21 

70,000-79,999 

1.65 

0.51 

1.44 

0.44 

80,000-89,999 

1.03 

0.28 

0.01 

0.002 

90,000-99,999 

0.86 

0.21 

1.05 

0.25 

100,000-149,999 

0.71 

0.14 

1.16 

0.23 

150,000-199,999 

1.19 

0.16 

0.06 

0.01 

200,000  Upwards 

5.61 

0.57  t 

4.64 

0.47 
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tor  the  deadweight  represented  In  that  range. 


A number  equal  to  1 says  ot  course  that  the  trequency  or  magnitude,  as  the 
case  night  be,  is  directly  proportional  to  the  denominator;  i.e.,  either 
number  ot  tankers  or  deadweight. 


The  important  points  to  draw  iron  Table  6 are; 

. Overall  the  10,000-19,999  dwt  range  shows  the  highest  trequency 
and  magnitude  ot  polluting  incidents; 

. Tankers  over  200,000  dwt  have  the  highest  trequency  and  magnitude 
when  non-d imens Iona 11 zed  to  the  ntaber  ot  vessels  In  that  class 9 
(A/B  and  C/B);  when  non-d lmenalonalized  to  representative  deadweight, 
however,  they  are  tar  below  the  norm; 

. The  30,000-49,999  dwt  range  has  the  highest  outtlow  on  a representative 
deadweight  basis  (C/D). 


I 

I 

I 

I 


9 This  is  due  to  the  small  maker  ot  vessels  in  that  range  and  3 major  tank 
explosions  which  sunk  one  vessel. 
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figure  3 end  Table  7 show  the  frequency  end  magnitude  of  polluting 
incidents  as  a function  of  tanker  age  normalised  to  the  mmber  and  total 
deadweight  of  tankers  in  any  one  age  group.  The  four  non-dimensional 
numbers  A/B,  C/B,  A/D,  and  C/D  are  similar  to  those  described  previously. 
The  important  points  to  note  is  as  follows: 

. Overall,  tankers  built  between  1946  and  1955  shown  the  worst 
frequency  and  oil  outflow  magnitude  record;  and  as  previously  stated 
ten  tankers  with  an  average  age  of  17  years  sunk  and  contributed 
206,278  long  tons  of  oil  outflow. 


Table  7A. 


Distribution  ot  ths  World  Tanker  fleet  as  a function  oi  Tanker 
A«a  During  ths  1969-1970  Period AU 


<»)  (D) 


Age  oi 
Tanker 

Percent 
At  Total 
Tanker  IleatA1 

Percent  oi  Total  . 
Tanker  Deadweight 

0 to  6 years 

19.66 

37.8 

5 to  9 years 

26.10 

24.4 

10  to  14  years 

24.01 

21.5 

15  to  19  years 

14.41 

10.7 

20  to  24  years 

4.62 

.2.45 

25  to  29  years 

6.10 

2.5 

Greater  than  30  years 

5.10 

0.65 

100.0 

100.0 

10  See  footnote  8 on  page 

11  Bsssd  on  5,953  tankers. 

12  Based  on  135.695.A97  total  world  tanker  tlaat  deadweight 


Table  7B.  Dlatrlbutlon  et  the  4913  Structural  Valluraa  and  thalr  Outflows 
aa  a Vuactlea  at  Taukar  4fa  During  tha  1969-1970  Parlod 


Aga  ot 

lhaber  ot 
Structural 

(A) 

Percent 
ot  Total 
Structural 

Outflow 

(C) 

Percent  ot 

Valluraa 

In  Sanaa 

Total  Outflow 

0 to  4 years 

6 

12.25 

5,802 

3.02 

5 to  9 years 

6 

12.25 

4,6M 

2.44 

10  to  14  yeare 

13 

26.53 

567 

0.30 

IS  to  19  yeara 

17 

34.69 

102,356 

53.34 

20  to  24  yaara 

4 

8.16 

78,422 

40.86 

23  to  29  yaara 

3 

6.12 

90 

0.04 

Greater  than  30  yaara  0 

0 

0 

0 

49 

100.0 

191,927 

100.0 

13T~  atructural  tailor aa  with  a total  outflow  ot  20,440  long  tona  are 
axcladgd  trow  thie  analysis  alnca  tha  aga  ot  tha  two  tankere  In  queatlon 

waa  lndatexmlnata. 


Table  7C 


Non-Dlnens loaal  Analysis  ot  49  Structural  I allures  and 
Thalr  Outiloua  as  a function  ot  Tanker  A|l  lurlm  tha 
1969-1970  Period 


Age  ot 
Tanker 

A/B 

A/D 

C/B 

C/D 

0 to  4 years 

0.62 

0.32 

0.15 

0.08 

5 to  9 years 

0.47 

0.50 

0.09 

0.1Q 

10  to  14  years 

1.11 

1.23 

0.01 

0.02 

IS  to  19  years 

2.41 

3.24 

3.70 

4.99 

20  to  24  years 

1.77 

3.26 

8.85 

16.34 

2S  to  29  years 

1.00 

2.35 

0.01 

0.016 

Greater  than  30  years 

0 

0 

0 

0 
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Analysis  bv  Gaoaraphlcal  Location 


Table  8 above  the  two  digit  coding  employed  for  the  geographical  location 
of  the  tanker  at  the  tlae  of  the  casualty.  Table  9 shove  the  frequency 
and  aagnltude  spec trim  for  the  following  selected  geographical  areas: 

• 01  — North  Uaat  Atlantic  Ocean  (North  of  the  Tropic  of  Cancer,  between 
30°  Vest  and  the  East  Coast  of  the  U.  S.  and  Canada); 

• 02  - North  Bast  Atlantic  Ocean  (North  of  the  Tropic  of  Cancer,  between 
30°  Vest  and  the  West  Coast  of  Europe  Including  the  Dermark  Strait  and 
Greenland  Sea); 

. 21  - North  West  Pacific  Ocean  (North  of  the  Tropic  of  Cancer  and  between 
the  180th  aerldlan  and  the  Coast  of  Asia  Including  the  sea  of  Okhotsk, 
the  Ska  of  Japan  and  the  Yellow  Sea) ; 

. 50  - The  Medlterrean  Sea;  and 

. 12  - The  East  Indian  Ocean  (North  of  the  Tropic  of  Capricorn  and  between 
20°  and  70°  East  longitude  including  the  Arabian  Sea,  the  Gulf  of  Aden, 
and  the  Red  Sea. 

These  data  slaply  state  that  at  least  on  a aacroacoplc  view,  tanker  accidents 
and  oil  outflow  are  a direct  function  of  tanker  traffic  density;  i.e.,  the 
accidents  occur  where  the  tanker  traffic  la  the  densest  such  as  In  the  Persian 
Gulf,  Northern  Europe,  Japan,  ate.. 
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Table  8.  Coding  tor  Location  ot  Ship  at  the  Tine  ot  the  Caaualtp 


00 

01 

02 

03 


04 

05 

06 

07 

08 

09 

10 
11 

12 

13 

20 

21 


Atlantic 

North  Waat  Atlantic  (North  ot  the  Tropic  ot  Cancer,  between  30°  West 

and  the  Beat  Coaat  ot  the  U.  S.  and  Canada). 

North  Eaat  Atlantic  (North  ot  the  Tropic  ot  Cancer,  between  30°  West 

and  the  Waat  Coaat  ot  Europe  - Includes  Denmark 
Strait  and  Greenland  Sea). 

Middle  Atlantic  Ocean  (Between  the  Tropic  ot  Cancer  and  the  Equator,  and 

between  South  American  and  the  Weat  Indies  and  the 
Atrlcan  Coaat). 


Middle  Atlantic  Ocean  (Between  the  Tropic  ot  CaptAcorn  and  the  Equator, 

and  between  South  American  and  the  Attlcan  Coaat). 

South  Weat  Atlantic  (South  ot  the  Tropic  ot  Capricorn  and  between  30° 

Weat  and  the  coaat  ot  South  American  - Includes  the 
Drake  Strait). 

South  Eaat  Atlantic  (South  ot  the  Tropic  ot  Captlcorn  and  between  30° 

West  and  the  Atrlcan  Const  and  20°  Eaat). 


Carribean  Sea  and  Gulk  ot  Mexico. 


Gult  ot  St.  Lawrence  and  Great  Lakes. 


Davis  Straits,  Hudson  Bap,  and  Bultin  Bap 


Indian  Ocean 
Indian  Ocean 


East  Indian  Ocean 


West  Indian  Ocean 


(South  ot  the  Tropic  ot  Capricorn,  and  between  20 
Eaat  and  140°  Eaat) . 

(North  ot  the  Tropic  ot  Capricorn,  and  between  20° 
Bast  and  70°  East  - Includes  Arabian  Sea,  Gult  ot 
Aden,  and  Red  Sea). 

(North  ot  the  Tropic  ot  Capricorn,  and  between  70° 
Eaat  and  140°  East  - Includes  Bengal  Bap  and  other 
small  bodies  among  the  Ms la pa  Archipelago) . 


Pacific  Ocean 


North  West  Paclilc  (North  ot  the  Tropic  ot  Cancer,  and  between  the  180° 

Meridian  and  the  coast  ot  Asia  - Includes  Sea  ot  Okhotsk, 
Sea  ot  Japan,  and  Tallow  Sea). 
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Table  8.  Coding  tor  Location  ot  Ship  at  the  Time  ot  the  Casualty — Continued 


22  North  Bast  Paciiic  (North  ot  the  Tropic  of  Cancer,  and  between  the  180° 

Meridian  and  the  coast  ot  North  America  - Includes 
Gult  of  Alaska  and  Bering  Strait) . 

23  Middle  Pacific  Ocean  (North  of  the  Equator  and  South  ot  the  Tropic  ot  Cancer, 

between  the  East  Indies  and  Central  and  South  America). 


24  Middle  Pacific  Ocean  (South  ot  the  Equator  and  North  Tropic  ot  Capricorn, 

between  Australia  and  the  South  America  coast  - 
Includes  Coral  Sea  and  other  small  bodies  ot  water 
in  these  limits) . 


25 

South  East  Pacific 

(South  ot  the  Tropic  ot  Capricorn,  between  70°  West 
and  180°  Meridian  - includes  the  Tasman  Sea) . 

26 

South  West  Pacific 

(South  ot  the  Tropic  ot 
and  the  180°  Meridian) 

Capricorn,  between 

140°  East 

30 

Artie  Ocean 

40 

Antartic  Ocean 

50 

Mediterrean  Sea 
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Table  9.  Frequency  and  Magnitude  ot  Tanker  Polluting  Incidents 
as  Function  or  Geographical  Location 


Number  ot 

Total 

Incidents 

Outflow 

Northwest  Atlantic  Ocean  (01) 

35 

93,049 

Northest  Atlantic  Ocean  (02) 

78 

86,969 

Northwest  Pacific  Ocean  (21) 

27 

26,848 

Mediterrean  Sea  (50) 

17 

17,400 

East  Indian  Ocean  (12) 

11 

54,163 

Subtotal 

168 

278,429 

All  other  geographical  locations 

98 

152,291 

Total 

266 

430,720  long  tons 
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Analysis  by  Area 


>or  the  purposes  oi  this  analysis,  areas  are  detlned  as  follows: 

. Coastal  - within  50  nautical  miles  oi  any  shoreline; 

. Entrancevay  - entrance  to  a harbor,  bay,  river,  etc; 

. Harbor  - within  the  coniines  oi  harbors,  bays,  rivers,  etc, 

. Pier  - at  a whari , pier,  dock,  quay,  etc.  with  tanker  physically 
moored  thereto;  and 

. Sea  - more  than  50  nautical  miles  irom  any  shoreline. 

The  Intent  oi  this  analysis  was  to  show  vhat  type  oi  incidents  and  associated 
outilows  occurred  in  the  various  areas. 

Table  10  ahows  the  266  incidents  and  associated  outilows  on  an  area  basis. 

It  shows  that  207  incidents  with  an  attendant  outilow  oi  185,893  long  tons 
occurs  within  50  miles  oi  a shoreline.  It  also  shows  that  88  incidents  wi th 
an  attendant  outilow  oi  41,810  long  tons  occurred  either  at  the  pier  or  within 
the  coniines  of  a harbor. 

Table  11  shows  on  an  individual  area  basis,  the  trequency  and  magnitude  oi 
diiierent  types  oi  casualties,  lor  example,  in  the  coastal  area,  54  incidents 
out  oi  60  are  either  groundings  or  collisions  and  account  to r 56,771  long  tons 
ot  outflow.  Other  important  points  to  note  are  as  iollows: 

. In  the  entranceways,  28  groundings  account  ior  77,003  long  tons  oi  outilow 
out  oi  a total  oi  83,286  long  tons  that  were  spilled; 

. In  the  harbors,  16  groundings  had  an  outilow  oi  11,930  long  tons  out  oi 
a total  oi  22,651  long  tons  spilled; 
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Table  10.  Area  Location  ot  the  266  Polluting  Incidents 
and  Outflows  During  the  1969-1970  Period 


Area 

Nusiber  ot 
Incidents 

Amount  ot 
Outflow 

Percent  ot 
Outflow 

Coastal 

60 

60,797 

14.1 

Entrance 

59 

83,286 

19.3 

Harbor 

45 

22,651 

5.3 

Pier 

43 

19,159 

4.5 

Sea 

52 

240,003 

55.7 

Unknown 

7 

4,824 

1.1 

Total 


266 


430,720 


100.0 


I 
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Tab 1 1>  I).  26b  Polluting  Incidents  and  Outllow.s  Shown  bv 

Type  ot  Casualty  and  Area  Locations 


COASTAL  ENTRANCE  HARBOR  PIER  SEA  UNKNOWN 


No. 

Outt low 

No. 

Outt  low 

No. 

Outflow 

No. 

Outflow 

No. 

Outt low 

No.  Out!  ltv 

UKD 

1 

25 

0 

0 

0 

0 

0 

0 

1 

16,350 

1 25 

COL 

29 

2) ,683 

24 

5,651 

19 

5,917 

6 

612 

3 

306 

1 10.’ 

EXP 

2 

3,824 

0 

0 

0 

0 

6 

14,417 

6 

15,804 

1 1 

1 RF 

2 

152 

1 

76 

2 

1,326 

11 

2,612 

3 

153 

0 r 

CRD 

25 

35,088 

28 

77,003 

16 

11,930 

0 

0 

0 

0 

1 1 

RAM 

0 

0 

2 

36 

6 

3,437 

15 

1,184 

0 

0 

0 0 

STF 

0 

0 

3 

120 

2 

41 

4 

121 

39 

207,390 

3 4,695 

on 

1 

25 

1 

400 

0 

0 

1 

213 

0 

0 

0 0 

1 ota Is 

60 

60.797T 

59 

83.286T 

1 

45 

22.651T 

43 

19.159T 

52 

240,0031 

7 4,8241 

. Six  explosions  at  the  pJtr  had  an  outflow  of  14,417  Jong  ton.;  nil 

o t a total  ot  19,159  long  tons  spelled; 

. At  saa,  the  39  structural  failures  accounted  for  207,390  long  tons 
ot  outflow  or  86.4  percent  ot  the  "at  sea"  total. 
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Analysis  by  Registry 


Table  12  shows  tor  tankers  greater  than  10,000  dwt,  tanker  casualties 
and  outtlows  normalized  to  both  representative  number  and  deadweight  tor 
a given  flag  of  registry.  The  non-dlaenalonal  numbers  A/B,  A/D,  C/B,  and 
C/D  are  similar  to  those  described  previously. 

Table  11,  in  general,  reaffirms  the  data  analyzed  In  this  manner  by  reference 

4. 
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Table  12A.  Distribution  ot  the  World  Tanker  fleet  Greater  Than  10.000  DWT 
as  a function  ot  Registry  During  the  1969-1970  Period1* 

] 


Country  ot 
Registry 

(B) 

Percent 
ot  World 
Tanker  fleet15 

(D)  I 
Percent  of  World  * 
Tanker  DWT  Tonnage16 

Liberia 

21.09 

1 

23.42 

Norway 

11.50 

13.84  ( 

United  Kingdoa 

11.86 

12.30 

1 

Japan 

6.03 

10.93  * 

USA 

10.30 

6.50  | 

P anama 

4.27 

3.78 

f ranee 

3.14 

3. 71  j 

Italy 

3.49 

3.22 

USSR 

4.93 

2.90 

Sweden 

2.30 

1 

2.71 

Greece 

4.48 

3.19 

Netherlands 

2.60 

2.40 

Others 

14.01 

11.10 

100.0 

100.0 

14  See  footnote  8 on  page 

13  Based  on  3,344  worldwide  tankers  over  10,000  DWT. 

16  Based  on  131,689,940  world  tanker  fleet  tonnage  over  10,000  DWT. 
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Table  12B.  Distribution  of  the  203  Polluting  Incidents  and  Out! lows  as 
a function  ot  the  Country  of  Registry  During  the  1969-1970 
Period 


Country  ot 

Registry 

(A) 

Percent  ot 
Total  Casualties1 

(C) 

Percent  oi 
Total  Outflows 

Liberia 

33.50 

43.38 

Norway 

6.40 

8.88 

United  Kingdom 

15.76 

16.27 

Japan 

2.96 

0.24 

USA 

7.39 

0.88 

Panama 

5.42 

9.47 

trance 

1.97 

0.06 

Italy 

0.98 

0.02 

USSR 

0.49 

0.02 

Sweden 

1.48 

1.42 

Greece 

13.30 

9.49 

Netherlands 

1.48 

2.73 

Others 

8.87 

7.14 

100.0  100.0 


Based  on  203  incidents  involving  tankers  greater  than  10,000  DWT. 
19  Based  on  total  outflow  ot  419,781  long  tons. 


Tabic  12C . Non-D laens Iona 1 Analysis  ot  203  Tanker  Casualties  and  Their 
Outflows  as  s function  ot  Tanker  Registry  During  the  1969- 
1970  Period 


Country  ot 
Registry 

A/1 

A/D 

C/B 

C/D 

Liberia 

1.59 

1.43 

2.06 

1.85 

Norway 

0.56 

0.46 

0.77 

0.64 

United  Kingdom 

1.33 

1.28 

1.37 

1.32 

Japan 

0.49 

0.27 

0.04 

0.02 

USA 

0.72 

1.14 

0.09 

0.14 

P anama 

1.27 

1.43 

2.22 

2.51 

(ranee 

0.63 

0.53 

0.02 

0.016 

Italy 

0.28 

0.30 

0.006 

0.006 

USSR 

0.10 

0.17 

0.004 

0.007 

S weden 

0.64 

0.55 

0.62 

0.52 

Greece 

2.97 

4.17 

2.18 

2.97 

Netherlands 

0.57 

0.62 

1.05 

1.14 

Others 

0.63 

0.80 

0.51 

0.64 

with  Mf  XIII/2(a)/9 


a 


Overall,  It  la  dliilcult  to  sake  a point  by  point  comparison  with  MP  XIII/2(a)/9. 

The  principal  reasona  tor  thla  are; 

. MP  XIII/2(a)/9  only  conaldered  incidents  Involving  tankers  ot  7,000  DWT 
and  larger  whereas  this  study  considers  all  tankers  ot  100  grt  and  larger; 

. MP  XIII/2(a)/9  only  has  total  nuaber  tor  outtlows  In  terms  ot  the  types 
ot  incidents  whereas  this  study  considers  each  Incident  on  a trequency 
and  magnitude  scale,  for  example.  Table  6.1  ot  reterence  4 shows  only 
the  trequency  ot  accidents  as  a tunctlon  ot  tanker  age  with  no  direct 
correlation  to  the  outilaw  magnitude.  Postulations  made  on  the  basis  ot 
tanker  casualty  trequency  only  without  recourse  to  outtlow  magnitude  can 
be  misleading;  and 

. MP  XIII/2(a)/9  considers  other  factors  such  as  cause  ot  accident,  weather 
conditions,  time  ot  day,  etc.  which  this  study  does  not  contain  within 
its  data  base. 

There  are,  however,  a number  ot  points  which  deserve  comment: 

. As  shown  In  Table  13, MP  XIII/2(a)/9,does  not  include  In  Its  1969-1970 

data  base,  seven  major  incidents  with  a total  outtlow  ot  153,402  long 

tons.  Inasmuch  as  the  data  base  tor  this  study  does  not  include  years 

prior  to  1969,  one  cannot  make  a comparison  to  those  years.  One  must, 

19 

however,  speculate  as  to  their  completeness. 

19 It  is  realized  that  explosions  have  been  specifically  omitted  In  MP  XIII/2(a)/9. 

They  do  nevertheless  contribute  to  the  total  outtlow. 
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Tabic  13.  Some  Major  Incidents  Which  Occurred  in  1969  and  1970 
end  Are  Mot  Reported  in  MP  XIII/2(a)/9 


Vessel 

Name 


Case 

Number 


Type  of  Incident 


Outflow 


Structural  tailure  - Broke  up 


20,400 


ANASTASIA  J L 


CHRYSSI 


CEZINA  BROVIG 


PACOCEAN 


SILVER  OCEAN 


Mech.  Breakdown-Aground-Broke  up 
Structural  failure  - Broke  up 


S01IA  P 


18,500 

31,216 

16,350 

30,016 

18,300 

18,620 


Outflow  Total 


153,402  Tons 


All  incidents  involved  loaded  tankers. 


. The  deadweight  analysis  more  or  less  agree  in  terms  ot  incident 
frequency  except  tor  the  very  large  tankers.  This  is  in  most  part 
due  to  the  omission  ot  tanker  explosions  in  MP  XIII/2(a)/9.  It 
this  study  likewise  omitted  these  explosions  the  non-dimensional 
number,  A/B,  tor  tankers  greater  than  80,000  dwt  would  be  1.06; 
or  in  other  words,  the  accident  frequency  tor  large  tankers  is  in 
direct  proportion  to  their  number.  In  tact  it  one  looks  at  thcii 
oil  outflows  as  a function  ot  the  number  ot  tankers  in  the  greater 
than  80,000  dwt  range,  this  non-dimensional  number,  C/B,  is  0.49 
when  all  explosions  are  discounted. 

. The  analyses  with  respect  to  the  tanker's  age  both  agree  in  that 
those  tankers  constructed  between  1946  and  1955  have  the  poorest 
casualty  history. 

. Both  studies  concur  in  that  tanker  in  ballast  have  fewer  casualties 
than  loaded  tankers. 

. It  is  unclear  how  the  average  annual  outflow  ot  50,000  tons  tor  tankers 
greater  than  7,000  dwt  cited  in  MP  XIII/2(a)/9  was  extrapolated  to  an 
annual  outflow  of  150,000  tons  for  all  tankers.  This  value  appears 
low  and  is  at  least  in  part  attributable  to  omissions  ot  major  incidents 
as  demonstrated  by  Table  13. 

. Table  14  is  a comparative  analysis  ot  frequency  and  magnitude  as  a 
function  ot  the  type  pt  casualty. 

This  table  shows  two  important  points: 

1.  In  both  studies,  the  ratio  ot  outflows  from  groundings  to  collisions 

is  on  the  order  ot  4 to  1;  and 
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Table  14.  Frequency  and  Outflow  tor  Various  Types  of  Casualties 


This  Stud?21 

MP  XIII/2(a)/9 

Frequency 

Magnitude 

Frequency 

Magnitude 

Collisions 

41% 

9% 

34% 

16% 

Groundings 

341 

34% 

53% 

64% 

Structural  Failures 

25% 

57% 

13% 

20% 

100 

100 

100 

100 

21  For  comparative  purposes,  only  collisions,  groundings  and  structural 
failures  are  tabulated  here. 


40 


The  absence  ot  the  major  structural  failures  from  MP  XIH/2(a)/9 
a distinct  effect  upon  absolute  values  ot  the  outflow  magnitudes. 


Closure 


The  most  significant  type  ot  tanker  casualty  in  causing  oil  pollution  is 
structural  failures.  Ten  major  structural  failures  (4  percent  ot  the  total 
number  ot  incidents)  accounted  tor  206,278  tons  ot  outflow  (48  percent  ot 
the  total  outtlow).  They  all  occurred  in  the  fully  loaded  condition  and 
resulted  in  the  total  loss  of  the  tanker. 

Groundings  are  the  next  major  contributor  to  oil  outtlow.  In  1969  and  1970 
they  accounted  tor  28  percent  ot  all  tanker  casualty  pollution.  In  terms 
ot  outflow  from  all  polluting  incidents,  groundings  are  tour  times  more 
significant  than  collisions.  , 

Analysis  ot  tanker  pollution  data  In  terms  ot  frequency,  without  data  on 
amounts  ot  outtlow,  is  not  a true  measure.  In  terms  ot  total  incidents, 
collisions  are  the  largest  single  type  of  casualty.  However,  collisions 
contribute  only  eight  percent  ot  the  total  outtlow  and  are  ot  less  magnitude 
than  structural  failures  and  groundings. 

Rammings  account  tor  approximately  nine  percent  of  the  total  incidents  but 
resulted  in  only  one  percent  ot  the  total  pollution. 

Explosions  which  are  extremely  slgnlf leant  because  of  their  cost  and  danger 
to  life  contribute  7.9  percent  ot  the  total  outtlow.  This  is  ot  course  the 
result  ot  most  explosions  occurring  while  In  the  ballast  condition. 
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Nearly  56  percent  of  the  total  oil  outflow  occura  "at  aea";  i.e.,  more 
than  50  miles  from  any  shoreline,  fourteen  percent  la  spilled  In  the 
coastal  zone  and  the  remaining  29  percent  Is  spilled  In  the  "local  zone"; 
l.e.,  at  entranceways,  within  harbors,  and  at  piers. 

In  terms  of  localized  pollution,  grounding  are  by  far  the  most  significant 
source  of  oil  outflow  accounting  tor  same  71  percent.  Structural  failures 
account  tor  90  percent  qt  Che  "at  aea"  pollution.  They  contribute  very 
little  elsewhere. 

There  is  no  clear  decision  to  state  with  respect  to  the  effect  of  tanker 
size.  In  terms  of  frequency,  the  very  large  ships  look  poorest.  As  stated 
previously,  however,  this  is  due  primarily  to  explosions.  When  oil  outflow 
magnitudes  are  considered,  then  vessels  less  than  50,000  DVT  display  the 
poorest  record.  Zn  terms  of  both  frequency  and  magnitude  it  would  appear 
that  tankers  in  the  10,000  to  19,999  DWt  range  the  worst  history,  i.e.,  _ 

all  non-dimensional  numbers,  A/D,  A/D,  C/B  and  C/D  are  1.39  or  greater. 

Tanker  age  only  has  an  effect  on  structural  failures.  In  short,  those 
tankers  built  between  1946  and  1955  had  a disproportionate  amount  of  catas- 
trophic structural  failures. 

The  incidents  involving  the  loss  of  the  tanker  have  a significant  effect  upon 
the  total  outflow  figure.  They  must  be  recognized  and  especially  accounted 
tor  in  any  analysis. 

In  conclusion,  this  study  shows  the  following  important  points: 
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Accidental  oil  outflows  Iron  tankers  la  on  the  order  ot  215,000  long 
tons  or  218,440  aetric  tons  per  year; 

Structural  failures,  groundings,  and  explosions  Involving  the  total 
loss  ot  tankers  have  a distinct  effect  upon  any  analysis  conducted. 

In  this  respect,  tanker  survivability  must  be  considered; 

Groundings  exceed  collisions  In  teras  ot  outflows  by  a factor  ot  4 to 
1.  This  would  tend  to  put  an  extreme  accent  on  the  need  tor  bottom 
protection  over  side  protection; 

Explosions  on  large  tankers  especially,  and  on  all  tankers  In  general, 
deserve  some  imnedlate  reaction; 

Certain  flags  ot  registry  appear  to  need  an  upgrading  in  their  standards 
and  maintenance  requlraaents;  and. 

There  is  no  clear  indication  that  tanker  size  has  any  relationship  to 
casualty  frequency  and  oil  outflow  other  than  In  the  case  ot  explosions. 
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APPENDIX  I 
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